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FOREWORD 


IT is anticipated that the most important event featured by the Petroleum 
Division during the year 1941 will be an increase in the number of issues of 
PETROLEUM TECHNOLOGY from four to six. This change has been authorized 
by the Executive Committee, and is undertaken both for the purpose of 
improving the service of the Division to its members through more prompt 
distribution of the technical papers and for the purpose of handling the 
increased number of articles submitted for publication. 

As forecast by the able chairman of the Division during 1940, Mr. T. V. 
Moore, the newly organized East Texas Section has proved to be an out- 
standing one, and its periodical meetings have already provided an open 
forum for the engineers working in or near Shreveport, Tyler, Kilgore, Van, 
Dallas and Fort Worth. 

Engineers who are associated with companies that may have the good 
fortune to discover new fields during the present or succeeding years are 
urged at this time to place before their executives the vital importance of 
the acquisition of basic reservoir data during the drilling and immediately 
after the completion of initial wells. Much of such information can be 
acquired only during the early life of a pool, and it has already been demon- 
strated that operating practices can be vastly improved where such data 
have been made available. 

Preparations are well under way for the technical meetings to be held 
at Dallas, October 16, 17 and 18, and at Los Angeles, October 30 and 31, so 
that exceptional programs may be anticipated for both occasions. 

The Division takes opportunity to express its appreciation of the cooper- 
ation afforded by the personnel at the New York headquarters of the Insti- 
tute, and to thank especially the various committee chairmen, vice-chairmen, 
and members of the Division, and all others that participate actively inthe 
affairs of the Institute. 

EuGENE A. STEPHENSON, Chairman, 
Petroleum Division, 1941-1942. 
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Chapter I. Production Engineering 


Temperature Surveys in Oil Wells 


By C. V. Mitrixan*, Mremper A.I.M.E. 
(Tulsa Meeting, October 1940) 


TEMPERATURE measurement in wells is 
an old practice and geothermal gradients 
have been of interest to geologists for many 
years.!* Their application to the operation 
of oil wells is a more recent practice. It has 
long been recognized that temperature 
anomalies occur in drilling and producing 
wells but thermometers that could obtain 
a satisfactory record of the anomalies were 
not available.’ 

The normal geothermal gradient is con- 
sidered as being about one degree Fahren- 
heit for each 60 ft. of depth.4 This ‘‘nor- 
mal” gradient varies in different areas, but 
whatever it may be in an area there is little 
variation from the surface to as deep as the 
drill penetrates. The normal gradient is 
appreciably changed by gas expanding 
from the reservoir into the borehole or by 
the movement of fluid through a borehole 
while drilling, producing, or circulating. It 
is the resulting anomalies and abnormal 
gradients from which conditions in wells 
can be interpreted. Some of the applications 
of such interpretations are locating the 
position of oil or gas sands, permeable 
strata in a reservoir zone, gas-oil contact, 
source of water, casing leaks, and the top 
of cement behind casing. 


THERMOMETERS 


A thermometer for use in wells must be 
sensitive and have a low thermal lag. The 


Manuscript received at the office of the Institute 
Sept. 5, 1940. Issued as T. - 1258 in PETROLEUM 
TECHNOLOGY, November 194 

* Chief Engineer, Ameeaa Peubionen Corporation, 
Tulsa, Oklahoma. 

1 References are at the end of the paper. 
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sensitivity should permit recording 0.2°F. 
or less for differential temperatures al- 
though the actual temperature need not be 
more accurate than 1°F. The thermal lag 
should be as low as rugged construction 
will permit in order to allow surveys to be 
made in a minimum of time. Of the several 
kinds of thermometers, these requirements 
are most easily obtained with the vapor- 
pressure, expansion, and electric-resistance 
types. Thermometers for use in wells may 
be self-contained—that is, the complete 
instrument.is lowered into the well and a 
record made of the temperature—or the 
thermal element only may be lowered into 
the well and the temperature recorded at 
the surface. The vapor-pressure and ex- 
pansion types are more adaptable for a 
self-contained instrument while the electric- 
resistance thermometer is more suitable for 
surface recording of temperatures. 

The self-contained instrument can be 
run against high pressure on a single wire 
line with only one operator required. 
The instrument and its hoisting equipment 
is easily portable and can be mounted on a 
small car. The disadvantages are a some- 
what greater thermal lag and the necessity 
of completing a run before any temperature 
or temperature anomaly is known. 

A surface-recording thermometer has the 
advantage of being somewhat more sensi- 
tive and of having a lower thermal lag. The 
operator can see what anomalies are en- 
countered and can immediately change the 
running conditions of the instrument or the 
well conditions in order to obtain the most 
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precise determination of the anomaly. The 
disadvantage is the large cable that must 
be used to carry the insulated electric con- 
ductor. A truck is required to handle the 
equipment and two or three men to operate 
it. The large size of the line makes it much 
more difficult to run against high pressure. 
Gas and oil, especially under high pressure, 
make the life of the insulated cable short. 

The part of the hole in which the tem- 
perature anomaly is expected should be 
filled with liquid if possible, because of the 
greater rate of heat transfer and consequent 
quicker response of the thermometer to a 
change in temperature. 


INTERPRETATION 


The value of a record of the temperature 
in a well must come from interpretation of 
the temperature anomalies or of a change 
in thermal gradient. The well should be 
operated before or at the time the tempera- 
ture survey is being run, in the manner that 
will establish the greatest temperature 
anomalies possible. Except when the anom- 
aly depends on the flow of fluid, such as 
casing leak, thief sands, and pumping fluid 
into a porous zone, pressure equilibrium 
should exist in the well while the tempera- 
ture survey is being made. It should be 
remembered that shutting in a well does 
not stop fluid movement in the well bore. 
Production from the well is stopped but 
fluid will continue to come into the hole 
until pressure equilibrium has been estab- 
lished. Running a temperature survey too 
soon after a well is shut in may obtain an 
erratic anomaly. On the other hand, 
waiting too long may result in no anom- 
aly because of approaching temperature 
equilibrium. 

A temperature survey may be helpful in 
determining stratigraphy.*~? Since different 
formations have different heat capacities, 
appreciable anomalies exist in a hole after 
rotary drilling is completed. A temperature 
survey may locate the depth of certain 
formations more precisely than they can 


be placed from casual samples and driller’s 
logs, or may give a check on their depths 
as determined by other means. Unless 
considerable work has been done with them . 
it is doubtful whether temperature surveys 
would be an acceptable substitute for good 
samples or electric logs. 

Temperature surveys have been used 
with some success for determining the 
point to plug back to upper prospective 
producing horizons. In some places satis- 
factory anomalies can be obtained by filling 
the hole with fluid and making temperature 
surveys. A better anomaly is usually ob- 
tained by circulating fluid for several hours, 
then running temperature surveys during © 
the first few hours after circulation is 
stopped. The circulating fluid should be as 
cold as possible to establish a greater tem- 
perature differential and thereby a more 
pronounced temperature anomaly. Anom- 
alies obtained must be interpreted with 
reference to all other information on the — 
well. In general, one may expect an oil or 
gas sand to return to normal temperature 
more slowly than other formations and 
therefore appear as a low-temperature 
anomaly. A salt-water sand would probably 
transfer heat more rapidly and therefore 
appear as a high-temperature anomaly. If 
the hole is filled with liquid without circu- — 
lating, the more probable effect of oil, | 
gas, and salt-water sands on the tempera-— 
ture gradient would be the reverse of that 
obtained after circulation of cold liquid. 
This may be good theory, but in practice 
it is better to interpret the temperature 
survey in the light of all information 
available on the well, whether the anomaly ~ 
be above or below the average temperature 
gradient. 


Ce 


EXAMPLES 


Fig. 1 shows the plotted temperatures — 
taken in an open hole, which shows correla- 
tion of temperature anomalies and sands. — 
All of the sands contained salt water. While 
this survey was run in open hole, similar — 
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anomalies have been obtained in cased 
holes by preparing them for the tempera- 
ture survey by circulating cold water for 
several hours. 
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FIG. 1.—CORRELATION OF TEMPERATURE GRADI- 
j ENT AND WATER SANDS. 


_A formation may have strata of low 
permeability, which are difficult to deter- 
mine from examination of samples. If the 
formation contains gas under high pressure, 
the presence and depth of the permeable 
streaks may be determined from shows in 
the driling mud, but the determination 
may have considerable error. A tempera- 
‘ure survey would show the depth of the 
producing strata and indicate the relative 
productivity of each. 

Fig. 2 shows a determination of the 
ocation of gas-producing strata in a sand 
one that had been drilled with rotary. 
[he well was producing about four million 


o- 


PS 


cubic feet per day between strings of pipe 
and the recording thermometer was run 
continuously through the drilling mud in 
the inner string. The temperatures showed 
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2.—WELL PRODUCING GAS THROUGH 
BRADENHEAD AND THERMOMETER RUN INSIDE 
CASING TO DETERMINE DEPTH OF GAS-PRODUC- 
ING STRATA. 


Fic. 


that the most productive gas sand was from 
3080 to 3095 ft. and from 3175 to 3185 it., 
with a less productive streak from 3145 to 
3150 feet. 

A determination of the gas-oil contact is 
important when it is desired to rework a 
well to shut off gas. The temperature sur- 
vey is preferably taken while the well is 
producing. Production should be from the 
casing unless it is certain that the bottom 
of the tubing is several feet above the base 
of the gas sand. Production should be at 
the highest safe rate. Gas expanding as it 
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comes from the formation into the hole 
causes a greater decline in temperature 


The base of gas production would be 
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Fic. 3.—DETERMINATION OF DEPTH AT WHICH 
TO SET PACKER TO REDUCE GAS-OIL RATIO. 


indicated by an increase in temperature, a 
point that may or may not be the top of oil 
production. 

Fig. 3 is the temperature recorded in a 
well that was producing at the rate of 
275 bbl. of oil and 6000 M cu. ft. of gas per 
day through the casing during the survey. 
The bottom of the tubing was at 3925 ft. 
The base of the gas zone was interpreted 
as being 3864 ft., and the principal oil zone 
from 3880 to 3890 ft. A tubing packer set 
at 3865 ft. reduced the gas-oil ratio from 
22,000 to 3,600 cu. ft. per barrel. 

Sometimes there is not enough expansion 
of gas as it comes from the reservoir into 
the hole to establish a reliable anomaly. 
Under such conditions the porous strata 
may be located by running cold water into 
the hole, which cools the formations into 
which it flows more than it does the forma- 
tion it moves past. A temperature survey 


while the water is moving will probably be | 
more positive in determining the lowest . 


than occurs where it is not being produced. permeable stratum, but a better interpre- 
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Fic. 4.—AFTER COLD WATER WAS PUMPED 

INTO WELL, TEMPERATURE SURVEY INDICATE 
BASE OF MAIN POROSITY. 


tation of the entire zone probably can b 
obtained by making the temperature sur- 
vey 2 to 4 hr. after water injection is 
stopped. Surveying several times durin 
and following water injection will give 
better chance of obtaining the maximu 
anomalies in the hole, and also will check 
readings to reduce the probable error o 
interpretation. j 

Fig. 4 is a temperature record taken t 
determine a point for setting a packer t 
reduce gas-oil ratio. Temperatures take 
while the well was preducing and afte 
shutting in a short time did not giv 
anomalies that could reasonably be inter- 
preted as to the base of gas productio 
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Cold water was run into the well at the rate 
of ro bbl. per hour for several hours prior 
to and continued while running the ther- 
mometer. The base of the main porosity 
was interpreted to be at 3875 ft., which was 
assumed to be the base of the gas-producing 
zone. At the time the test was run, the well 
had a potential of 50 bbl. of oil per day 
with a gas-oil ratio of 20,000. A packer was 
set at 3879 ft. and the well acidized, after 
which its potential was 75 bbl. of oil daily 
through tubing with a gas-oil ratio of 1100. 

Drilling fluid is sometimes lost and oc- 
casionally there is some uncertainty as to 
the depth of the thieving formation. It 
could be found by running a recording 
thermometer 2 to 4 hr. after pumping of 
fluid into the formation is discontinued. A 
definitely cooler interval would be inter- 
preted as the offending formation if the 
temperature of the drilling fluid is colder 
than the formation; or if warmer than the 
formation, the anomaly would be an in- 
crease in temperature. If only the maximum 
depth of a thieving formation is desired, it 
could be determined by raising the drill 
pipe above the formation and running the 
thermometer while mud is being pumped 
into the hole or immediately after pumping 
is stopped. 

Source of water is usually difficult to 
determine. The temperature of all fluids in 
the reservoir is equal. Water expansion is 
too low to give a measurable change in 
temperature. The anomaly if present is 
caused by the cooling action of expanding 
gas as it emerges from the reservoir into 
the hole, resulting in an increase in tem- 
perature at the base of the oil and gas zone. 
To establish the anomaly, therefore, it is 
necessary to lower the pressure below the 
bubble point in order to obtain the cooling 
effect of the expanding gas. Many times 
it is not safe to produce the well at a rate 
high enough to reduce the pressure below 
the bubble point, and even where condi- 
tions in the well can be set up to establish 
an anomaly, the latter may be too small 
4 be interpreted definitely. 


; 


4 oe 


The temperatures given in Fig. 5 were 
obtained on surveys made to give informa- 
tion on the depth to plug back for shutting 
off water. Curve A is the thermal gradient 
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Fic. 5.—TEMPERATURE CURVES: (A) WELL 
SHUT IN 20 DAYS, (B) FLOWING, (C) 30 MINUTES 
AFTER SHUTTING IN, (D) 4 HOURS AFTER SHUT- 
TING IN. 

Interpretation: gas at 6440 feet; no oil below 
6635; water below 6650. 


after the well was shut in 20 days. Curve B 
was taken while the well was producing 
25 bbl. of oil and 7 bbl. of water an hour 
through casing, with a gas-oil ratio of 4000 
cu. ft. per barrel. The well was then shut 
in and curve C was run 1¢ hr. later, and 
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curve D 4 hr. later. This group of curves 
is an example of the different anomalies 
that can be obtained in the same well under 
different conditions, and demonstrates the 


2600 


3000 


3800 


‘DEPTH IN FEET 


TEMPERATURE °F 
Fic. 6.—TEMPERATURES IN WELL IN WHICH 


WATER COMING FROM 3515 FEET WAS LEAKING 
THROUGH HOLE IN CASING AT 3810 FEET. 


necessity for properly preparing a well for 
a temperature survey. The interpretation 
of the temperature curves was that most 
of the gas was coming from 6440 ft., that 
there was no oil production below 6635 ft., 
and that most of the water was coming in 
from below 6660 ft., although some water 
might be coming in as high as 6650 ft. 
Plugging back to 6662 ft. reduced the water 
production about three-fourths, and the 
well produced clean oil after it was plugged 
back to 6647 ft. There was no change in the 
rate of oil production. 


Casing Leaks 


A casing leak is one of the most insidious 
troubles that can develop in a producing 
well. Where there is communication be- 
tween the point of leakage and a porous 
formation, leakage will be into the well if 
the well pressure is lower than the outside 
pressure or out of the well if the pressure 
inside the casing is higher than the outside 
pressure at the point of leakage. Often there 
is no indication in the producing well that 


any leakage is occurring. Leakage of water 
into the well may be small and assumed to 
be produced from the oil horizon. It would 
probably be recognized by a lower than 
normal temperature gradient below the 
leak. If the leak is out of the casing and 
small, there will probably be gas expansion 
at the point of leakage and a drop of tem- 
perature. A large leak will cause a sharp 
increase of temperature at the leak and a 
lower temperature gradient but a higher 
temperature than normal from the point 
of leakage to the producing formation. 

Fig. 6 is a curve giving the temperature 
in a pumping well that had a water leak 
in the oil string of casing. The curve is 
normal to 3515 ft., which was the source 
of the water. The hole in the casing is 
indicated between 3750 and 3900 ft. and 
was found at 3810 ft. by pumping a plug 
down. The velocity of the water flowing 
behind the casing from the water sand to 
the hole in the casing was so rapid that 
there was little change in temperature in 
this interval. When the water came inside 
the casing the velocity was reduced enough 
for the gradient to come back almost to 
normal but the actual temperature was 
appreciably below normal. 

Fig. 7 shows two temperature curves 
taken on successive days in a well having a 
small casing leak. Calculations showed tha 
the fluid level was below the point of leak- 
age when the temperatures given in curve 
A were measured. The following day, when 
the temperatures given in curve B were 
measured, the fluid level had risen above 
the point of leakage and therefore a smaller 
temperature anomaly was present. A 
packer was run and the annular spac 
between the casing and tubing was filled 
with mud. A temperature survey then 
showed no anomaly. 

Repairing a subsurface leak from one 
formation to another is often an uncertai 
operation. Pumping mud or cement into 
the point of leakage may not stop it even 
though at the surface there may be no 
apparent movement of fluid. A temperature 


v, 
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survey will show an approximately normal 
gradient if the job is successful or an irregu- 
lar temperature will still be present if the 
migration has not been stopped. 

Fig. 8 shows the temperatures obtained 
| by surveys in a well having a large oil 
leakage through split casing at 1060 ft. 
The first indication of the leak was an 
| abnormally low bottom-hole pressure, and 
it was located with the thermometer, which 

gave the temperature record shown by 
curve A. There was no pressure on the 
bradenhead between the surface casing and 
the oil string. Heavy mud was pumped into 
the tubing until the pressure on the tubing 
and casing was reduced to atmosphere. 
Before work was started on the well, 
another temperature survey was run, which 
gave the temperatures shown in curve B 
and proved that the flow of oil and gas still 
continued, although there was no indication 
of the flow at the surface. A second attempt 
to kill the well also failed and after the 

third attempt the temperature survey 
proved that the flow had been stopped. 
Curve C is the normal thermal gradient in 
wells in the area. 


Setting of Portland Cement 


Setting of Portland cement is an exo- 
thermic reaction. The amount of heat 
generated is governed by the composition 
of the cement and the rate of generation 
depends on fineness of the grind, or, more 
precisely, the total area of the cement 
particles. Tricalcium aluminate is the most 
important heat-forming chemical and tri- 
calcium silicate second. Most Portland 
cements generate from 60 to 115 cal. per 
gram during hydration, depending on 
composition. Cement behind cemented 
casing will generate enough heat to be 
measured inside the casing and a tempera- 
ture survey in the well will give an increase 
in temperature at the top of the cement 
behind the casing.®.® The greatest anomaly 
exists probably between 4 and 8 hr. after 
the cement is placed. Generally an appreci- 
able temperature anomaly can be measured 
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after several days. The amount of tem- 
perature increase varies from a small 
anomaly not larger than may be caused by 
a change in formation to an increase of 
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Fic. 7.—TEMPERATURE ANOMALY CAUSED BY: 
(A) cas, (B) OIL AND GAS LEAKING THROUGH 
SMALL HOLE IN CASING. 


several degrees. Some increases have ex- 
ceeded 50°F. A small increase interpreted 
as the top of the cement may be further 
indicated by a change in the gradient and a 
more irregular gradient than might reason- 
ably be expected from variation of the heat 
capacities of the formations penetrated. 
Fig. 9 contains three curves showing the 
temperature record obtained to determine 
the position of the top of the cement behind 
the casing. The thermometer was run from 
24 to 36 hr. after cementing. The interpre- 
tation of curves B and C is definite and 
the interpretation of curve A is based on 


the characteristic irregularity of the tem- 
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perature immediately below the top of the 
cement. 


VALUE OF SURVEY 


The examples of temperature curves that 
have been presented were selected because 
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Fic. 8.—TEMPERATURE RESULTING FROM 
LEAKAGE THROUGH SPLIT CASING: (A) DURING 
LEAKAGE, (B) AFTER PUMPING MUD INTO WELL 
UNTIL SURFACE PRESSURES WERE ZERO, (C) 
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they show clearly the value of the tempera- 
ture survey in solving specific problems. A 
temperature survey to show the presence 
and depth of a leak in the casing is not 
likely to result in any problem of preparing 
the well for the survey or of interpreting 
the temperatures. The same is true of 
determinations of the top of cement behind 
the pipe. A temperature survey from which 
it is expected to correlate formations, inter- 
pret the location of probable oil or gas 
sands behind casing, or determine gas-oil 
contact or source of water frequently tax 
the ingenuity of the operator to condition 
the well so as to obtain a temperature 
gradient or anomalies that represent con- 
ditions within the well. The temperatures 


obtained on a survey or series of surveys | 
frequently require considerable study and — 
comparison with electric logs, sample logs, i: 
production history, and other information 
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Fic. 9.—EFFECT OF CEMENT BEHIND CASING 
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on the well before an intelligent and re- 
liable interpretation can be made. 

A recording thermometer is a recent 
addition to the instruments used by the _ 
petroleum engineer. It has proved its value > 
and promises to become increasingly im- 
portant as more is learned about preparing 
a well to obtain better anomalies, and mor 
experience is gained in correlating anom- 
alies with conditions in wells. 
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DISCUSSION 


R. E. Herrgecker,* Bartlesville, Okla.— 
Mr. Millikan has presented some unusual 
applications of the recording temperature 
gauge, a precise instrument developed and used 
generally to determine accurate temperatures 
of producing formations or the temperatures 
of mixtures rising in the flow string. 

The Bureau of Mines tested a gas well, 
which, with only a negligible gas withdrawal, 
had shown a decline in shut-in wellhead pres- 
sure of 850 (from 2295 to 1445) Ib. per sq. in. 
gauge during an interval of about one year. 
Flow tests on the well by the operator showed 
that the decline was not due to accumulation 
of liquid. Tests of a well almost a mile away, 
considered to be producing from the same 
horizon, did not show any unaccounted-for 
decline in pressure, so it seemed that the 
abnormal pressure decline must be the result 
of some subterranean leak. 

A temperature survey was made with 
Bureau of Mines equipment in the well showing 
the abnormal decline while it was shut in at the 
surface. Between the depths of 2000 and 
2200 ft., a temperature rise from 107.5° to 
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140°F. was noted (a gradient of 16.25° per 
100 ft.), whereas the normal gradient between 
those depths, as reflected by a temperature 
traverse in the neighboring well, was approxi- 
mately 2°F. per roo ft. The data indicated that 
gas from the reservoir at 5952 ft. was flowing 
into a thief sand at a depth of approximately 
2200 ft., but it was not determined definitely 
whether the gas entered the thief sand through 
a leak in the pipe between the 2200-ft. level 
and the bottom of the casing or traveled 
upward outside the casing. 

The operator repaired the well by setting 
and cementing a new string of casing inside the 
old pipe. The results of the reconditioning are 
shown through a rise of wellhead pressure from 
1445 lb. per sq. in. gauge on Feb. 12, 1938, just 
before the reconditioning to 1715 lb. per sq. in. 
gauge on July 19, 1940—an increase of 270 lb. 
despite withdrawal of gas from the well. The 
temperature at the 2200-ft. level decreased 
from 140° to 128°F. during the same period. 

The detailed analyses of the temperature 
surveys and back-pressure tests of this well 
in March and June 1938 and March 1939, as 
given in Bureau of Mines Report of Investiga- 
tions 3493, by Schellhardt, Dewees, and Barlow, 
published in March 1940 and the additional 
data from the test of July 1940, may be of 
interest in connection with this contribution by 
Mr. Millikan. 


A New Method of Constructing Subsurface Models 


By Kenneta M. Bravinper,* Dean H. SHELDON,* JuNtloR MempeER, A.I.M.E., AND 
JonaTHAN E. Koocie* 


(Los Angeles Meeting, October 1940) 


THE solution of subsurface geological 
problems requires an analysis of vertical 
and horizontal dimensional relationships. 
For many, the ability to visualize structures 
in three dimensions is not easily acquired, 
and for areas where the structural condi- 
tions are complicated by faulting the need 
arises for illustrative models. This has led 
to the many forms of peg models, in which 
the usual course of construction includes a 
peg for the well bore, and the suspension of 
strings from peg to peg to illustrate the 
formation correlation between wells, thus 
developing the usual folds and flexures. 
Such models proved unsatisfactory for the 
analysis of fault problems. Consideration 
was then given to the use of transparent 
materials. 

A model of the Dominguez oil field was 
constructed in 1935, which consisted of a 
series of glass panels from well to well on 
which the formations were shown in color. 
This model, though serving its purpose at 
the time, proved to be impractical from the 
standpoints of cost, breakage hazard, and 
extreme difficulty in maintenance. The cost 
of materials was estimated to be approxi- 
mately $300, and the construction required 
the services of one man for a period of from 
ro to 12 months. Maintenance after actual 
construction was an additional expense. 

Consideration was then given to the use 
of celluloid, and after some experimental 
work it was found that the advantages in 
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its use were: (1) a short construction time, 
(2) ease of handling the material, (3) sec- 
tions are easily reworked, (4) low cost. 


CONSTRUCTION 


It would be of little value to recount here 
the difficulties encountered in the building © 
of the first celluloid model. The conclusions 
drawn, however, suggest the following pro- 
cedure for those who contemplate the 
construction of such a model: 

1. Determination of the Scale-—Accurate — 
geological interpretation requires the use of 
the same scale horizontally and vertically. — 
It should be emphasized that the limited 
size of the celluloid sheets (20 by 48 in. 
maximum dimensions), the area to be 
studied, the maximum depths to be plotted, 
and area of possible future development are 
the controlling factors in adopting a scale to 
be used. 

2. Construction of the Base—A satisfac-_ 
tory base may be constructed by using two 
pieces of three-ply wood separated by strips 
of 1 by 2-in. material. This type of construc- 
tion prevents warping of the base. The size 
of the base is determined by the dimensions 
of the area to be studied plus 5 in. on all 
sides. A map of the same scale as that 
adopted for the model, indicating the line 
of section to be used, should be fastened t 
the base. 

3. Construction of the Frame (Fig. 1).—In 
the construction of the frame the use of 
¥y-in. o.d. pipe welded in a box shape is 
suggested, with two horizontal rods on eac 
of the four sides, top and bottom. The to 
rod should be at least 1 in. higher than th 


KENNETH M. BRAVINDER, DEAN H. SHELDON AND JONATHAN E. KOOGLE 25 


depth of the celluloid sections to be used. 
The bottom rod should be approximately 
44 in. above the base, to allow clearance for 
the suspension of the celluloid sheets. The 
corner riser rods are threaded and flat 


Frame welded....-- 
together 


Base (Note 
clearance on sides) 


Pipe or rod 
ae Screw-down Heads 


Fic. 1.—THE FRAME. 


screw-down heads are attached for mount- 
ing on the base. 

It is necessary to allow a clearance of 
2 in. between the edges of the celluloid and 
the frame for the suspension of the sections. 
On these same sides, it is well to place addi- 
tional risers and a horizontal rod at mid- 
point of the frame for bracing. 

4. Construction of the Spring Device (Fig. 
2).—A simple spring device for suspension 
of the sections within the frame may be 
constructed of the following: (1) one large- 
headed nail approximately 214 in. long; 
(2) one compression spring 144 in. long, 
large enough to fit over the body of the nail, 
but not the head; (3) a length of 14-gauge, 
stiff wire bent to shape as shown in Fig. 2. 
_ Each suspension unit is assembled as 
follows: (1) place spring over nail, (2) bend 
pointed end of nail to act as a hook, (3) 
place wire around the nail below the spring, 
so that spring action is between the head of 
the nail and the wire, (4) adjust the spring 
compression by forming a hook on the free 
end of the wire for placement on the hori- 
zontal side members of the frame. 

5. Construction and Suspension of Sec- 
tions (Figs. 3 and 4).—On a model of this 
type the sections should be taken as nearly 
parallel as possible, and at right angles to 
the trend of the geologic features. If a deep- 
zone model is to be constructed, some shal- 
low wells may have to be eliminated as 


sheet size and scale selected are the govern- 
ing factors. In the choice of sections and 
wells to be used for interpretation, it is best 
to avoid long projections onto the line of 
section whenever possible. 


| y)4-Gauge wire 


Compression spring” 
Fic. 2.—SPRING DEVICE, 

Inexpensive work paper may be used for 
the initial layout of the sections. Original 
structural interpretations can then be 
worked out on these sections and traced 
onto the celluloid. 

Well columns should be traced on one 
side of the celluloid sheet, using a double 
line column, with the producing intervals 
shown in solid color. The structural correla- 
tions are traced on the other side. This 
facilitates the changing of either structural 
interpretations or well status. 

The use of India inks for all coloring is 
practicable, since it may be readily applied 
after the celluloid is powdered with drafts- 
man’s pounce. 

Each celluloid section should be key- 
numbered in the upper corners to corre- 
spond with the lines of section on the base 
map. This facilitates model assembly and 
section revision. Holes should be bored in 
each corner for the placement of the suspen- 
sion devices, spaced as follows: 

Top holes: 1 in. from edge and top. 

Bottom holes: 1 in. from edge and 314 in. 

from bottom. 
The celluloid sheets after suspension should 
rest against the base, since correct struc- 
tural interpretation depends upon the 
maintenance of a constant subsea datum. 


Cost 


Cost of material for a model of 10 
celluloid sections is as follows: 


Io pieces of 60-gauge, noninflammable cellu- 


loid 20 by 48 in., at $5.50 per sheet....... 55.00 
IBASE itz spemeronierehe stra wie beers een otha Oe, te 2.50 
Miscellaneous: frame, paint, springs, etc.... 2.50 

TMG t alice fate oWateee el chee Riche cater bent etcgeys as <8 $60.00 


26 A NEW METHOD OF CONSTRUCTING SUBSURFACE MODELS 


a 


Fic. 3.—STRUCTURAL SECTIONS SUSPENDED WITHIN THE FRAME. 


Fic. 4.—VIEW ALONG AXIS OF STRUCTURE, AS SEEN THROUGH A SERIES OF STRUCTURAL 
SECTIONS ON CELLULOID SHEETS. 
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LABOR 


The amount of labor involved in con- 
‘struction depends on the factual data 
available, the scale of the model, and the 
number of wells used. For example, a model 
with ro sections showing deep-zone devel- 
opment in Dominguez field, using 61 wells, 
on a scale of 1 in. = 200 ft., was con- 
structed by two men in two weeks, after all 
basic data had been assembled. 


UsE oF MopeEtL IN SOLUTION OF 
STRUCTURAL PROBLEMS 


As deeper zones were developed at 
Dominguez, it was discovered that the 
structure became more complicated with 
depth because of the presence of thrust 
faults. Thus, in contrast to the upper zones, 
in which oil and gas accumulation is con- 
trolled by anticlinal structure, that in the 
deeper zones is controlled by faulting. 
Typically the faults are south-dipping 


thrusts with decreasing throw as they are 


traced upward in the section. The im- 
portance of these faults was recognized 
when it was discovered that thrusts with 
‘less than so ft. throw controlled pro- 
duction between structural blocks. As a 
result, planning of the development pro- 
gram necessitated a detailed study of the 


subsurface geology of the field. This led 
to the construction of the celluloid model. 

After the faults had been determined in 
individual wells, their location and amount 
of throw were plotted on the work sections. 
At this stage some of the more obvious 
faults could be connected and their traces 
followed from one section to another. How- 
ever, there remained a number of faults 
in wells that could not be correlated. 
These were noted on the celluloid sheets. 
The sheets were then placed in the frame 
and a further effort was made to work out 
details of the faulting. This attempt was 
quite successful, although some of the fault 
trends could not be determined until the 
drilling of later wells gave additional points 
along the trace of the fault plane. 

As each successive well is drilled, the 
formation correlations are plotted on the 
structural sections and in turn on the 
celluloid sheets. This takes but a short time 
and the model can be kept up to date with a 
minimum of effort. 

It is not the purpose of this paper to 
advise the substitution of such a model for 
structural sections and contour maps, but 
to offer it as an aid in the development of 
fields possessing exceptionally complicated 
structure. 


New Method of Plotting Slant Holes 


By Tracy L. ATHERTON* 


DRAWINGS BY FRANCIS J. Hortic anp C. L. Moore 


(Los Angeles Meeting, October 1940) 


THE mapping of slant-hole oil fields is 
complicated by the fact that relationships 
between wells are subject to variations in 
three dimensions and are not readily 
adaptable to representation on a plane 
surface. Formalized perspectives usually 
expand into an undecipherable maze of 
lines and peg models with the necessary 
supporting dividers serve only to awe the 
beholder with their perplexity. The usual 
compromise arrived at is a plotting of the 
projection of the courses of all of the wells 
in the field onto a horizontal plane (Fig. 1). 
These complicated plots, when used in 
conjunction with the individual vertical 
projections of the wells, heretofore have 
been the most practical foundation for the 
study of general field problems. This 
method has many shortcomings, however, 
which are not found in the recently 
developed straight-hole equivalent projec- 
tion method. The new method supplies a 
series of maps similar to the type now in 
common use in straight-hole fields. It is 
remarkably simple to use and supplies a 
ready check on clearances between wells. 
Perhaps the method can best be understood 
if the steps that led to its development are 
described. 

Common practice of oil-well surveyors is 
to supply the owner with a tabling of the 
survey and a plan view plotted against the 
true meridian. If a vertical projection is 
plotted, it is usually plotted separately 
and shows vertical depths against the 


Manuscript received at the office of the Institute 
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projection of the stations along a section 
line joining the top and bottom of the hole 
on the plan view. A more practical method 
would be to plot the section line of the plan 
parallel to the abscissa of the vertical 
projection (Fig. 2). If this is done, any 
line parallel to the “base line” will pass 
through the points on each projection that 
represent a single point in the hole. Another 
very useful graph, which the well surveyor 
could provide, would be plotting of vertical 
depths against measured depths. 

Fig. 3 illustrates the next step facilitated 
by this form of plotting. The lines desig- 
nated ‘‘well A” represent the proposed 
course of a hole to be drilled. Superimposed 
on the drawing, in its proper relative 
position, is the plan view and a portion 
of the vertical projection of a present 
producer, ‘“‘ well B.”’ From an inspection of 
the plan view we arrive at the correct 
conclusion that the only indicated possibil- 
ity of collision is at the point of crossing 
of the wells on the plan view. Referring 
to the vertical projection, note that the 
vertical depths of stations on B, in the 
vicinity of the crossing, are plotted on 
the same plane of projection as A. The 
clearance is the indicated distance between 
the two vertical sections measured along 
the parallel to the ‘base line,” which 
passes through the point of intersection 
of the plan view. Repeat this process for 
the other wells crossing the proposed 
course of A on the plan view and you have 
a preliminary check of clearance for the 
proposed course. A similar comparison of 
crossings on the vertical projections of all 
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wells whose plans approach within so ft. 
of A is next in order, and in the vicinity — 
of the oil measures the comparison on both 
plan and vertical sections should be 
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tolerances due to possible inaccuracies in 
well surveys, any approach of the drilling 
well on either the plan or vertical section 
necessarily has to be analyzed. In tight 
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Fic. 1.—PLAN VIEW OF A SLANT-HOLE FIELD. 


widened to include all wells within the 
predetermined minimum well-spacing dis- 
tance. At best this is but a trial and error 
method, even though it does have the 
marked advantage of placing all of the data 
on a single sheet. Fig. 4 illustrates a map 
prepared for such a check. 

The course of the hole as it is drilled 
can be plotted on the same sheet and 
further comparisons made as the drilling 
progresses. Maintaining an exact course 
would be prohibitive in cost and variation 
within a reasonable limit is common prac- 
tice. This in turn requires that extensive 
portions of adjacent wells be plotted in 
order that the data be readily available for 
comparison. With the necessity to consider 
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spots the proposition of looking at the 
situation from the top and: then figura- 
tively running around to one side to see 
how it looks from there is too inconclusive 
—what is required is the whole story in one 
picture. 

The logical answer is to look at the 
situation from the point of view of the 
drilling bit; that is, plot the wells at their 
points of intersection with a plane con- 
structed reasonably perpendicular to the 
drilling hole. The construction of such a 
projection is relatively simple if the pro- 
posed course is used as a guide (Fig. 5). 
The drilling well on the vertical section is 
95 ft. above the proposed course and at the 
same point ro ft. to the left of the proposed 
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PLAN 


Fic. 5.—MeETHOD OF DEVELOPING SECTION AT POINT REACHED BY DRILLING BIT. 
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course. In the same fashion the location 
of the near-by wells may be determined 
with relation to the proposed course. 
Plotting these data gives the result shown 
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well, each link representing the transition 
to the next of the series of planes; or, and 
this is the preferred plan, a series of sec- 
tions similar to the one described above. 


Fic. 6.—SECTION DEVELOPED AS ILLUSTRATED IN FIG. 5. 


by the circles in Fig. 6. Practical estimates 
of the clearance can be scaled directly 
from the plot. 

Presuming that this section was drawn 
at the last point reached by the bit, extend 
the drilling hole on both the plan and 
vertical projection and construct another 
section to show the anticipated clearances 
after the next rso ft. has been drilled. 
Now superimpose the first section on the 
second, with the proposed course positions 
coincident, and the shift in relationship of 
any one hole with relation to the proposed 
course will be apparent. Arrows are drawn 
to show this shift and on a single plot the 
entire picture. of conditions for the next 
150 ft. is given. 

Variations on the same theme will pro- 
duce a connected chain of arrows for each 


If the latter are prepared on tracing sheets 
they can be laid over each other to obtain 
the chain of arrows and yet can be used 
singly to reduce confusion. 

This briefly describes the evolution of 
the mapping process that led to the 
straight-hole equivalent sections. Obvi- 
ously, it had paid its way by the rationali- 
zation of the problem of clearance in 
connection with drilling holes; but the real 
value of the principle lay in its application 
to the pool as a whole as a medium of 
facilitating a general study of well spacing 
and the formulation of an orderly plan for 
future development. 

At Huntington Beach the tideland pool 
east of 23rd Street is tapped by a bank of 


90 wells located within 900 ft. of the shore 


along a 4000-ft. front. The general direction 
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of the wells is perpendicular to the shore. 
A par hole, mathematically determinate, 
was computed and against it each of the 
wells in the pool were referenced as shown 
in Fig. 7. 

The par hole was given a course per- 
pendicular to the shore. The surface loca- 
tion was chosen so as to approximate the 
weighted average distance from the shore 
of all the slant-hole derrick locations. In 
vertical section, the par hole is a parabola 
with vertex at sea level, and a horizontal 
offset of 2000 ft. at 4000 ft. below sea level. 
This parabolic form was found to approxi- 
mate closely the earlier wells drilled, 
though at present what might be termed a 
“railroad form” of tangents and circular 
curves is preferred. The choice of a para- 
bolic vertical section facilitated the ready 
calculation of horizontal offsets, normals 
and tangents against vertical depth. Even 
the ‘‘measured depth,” the length along 
the curve, can be computed with the aid 
of a t12-cylinder formula. “Measured 
depth” is a primary item in a well survey; 
but, even though these figures were calcu- 
lated for the par hole, no important use has 
yet been found for them. 

The plan and vertical sections of the 
par hole were then drawn as shown in 
Fig. 7. The normals to the par hole are 
shown on the vertical section—these are 

the traces of the straight-hole equivalent 
planes. Two typical wells, C and D, are 
also shown, plotted in proper relation to 
the par hole. In practice the plans and 
verticals of about 15 holes and the par 
hole with normals were plotted on a single 
sheet. When the number of lines on the 
sheet became confusing, a new sheet was 
started. Upon completion of the plotting, 
tabulations were made for each of the 
straight-hole equivalent sections; listing 
for each section: (1) from the vertical 
projection, the distance, measured along 
the trace of the section, of each well above 
or below the par hole (indicated as C, and 
D.), and (2), from the plan, the distance 


right or left of the par hole of the point of 
intersection of each well with the desig- 
nated section (indicated as Cy and Dz). 

Each straight-hole equivalent section is 
then plotted from the tabulated data 
against the par hole. Since on each section 
each well is correctly represented in rela- 
tion to the par hole, each well is correctly 
represented with relation to every other 
well. Superimposing the section over the 
next section below, making the par holes 
coincident, an arrow is drawn from the 
well on the upper section to the position 
the same well occupies on the lower section. 
Each arrow represents graphically, by 
length and direction, the movement of a 
well relative to the par hole in passing to 
the next section. 


PRACTICAL RESULTS 


Fig. 8 is a straight-hole equivalent sec- 
tion in the easterly end of the Tideland 
pool at Huntington Beach. The par hole 
on this section is at a vertical depth of 
3400 ft. below sea level and about 1000 ft. 
seaward of the shore line. If the top of the 
drawing is raised until the sheet makes an 
angle of 40°22’ with the table, the observ- 
er’s eyes will approximate relatively the 
surface location of the wells. 

Any new holes drilled will be reasonably 
perpendicular to the section. If an arbitrary 
drainage radius of 200 ft. in the oil sand 
is adopted, measured in the plane of the 
section, the possibility of new locations is 
evident. These new locations are indicated 
tentatively and then checked through the 
lower sections against the possibility of 
pinching out, and are then plotted on the 
horizontal and vertical projections to see 
that they satisfy practical drilling require- 
ments. When surface locations are selected 
for the new bottoms, tentative horizontal 
and vertical courses are laid out and tested 
on the straight-hole equivalent sections. In 
a surprising number of instances revisions 
in the courses are necessary to assure a 
predetermined minimum clearance for 
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wells in place. When drilling is under way 
clearances are checked upon the sections 
as the well progresses. 

The sections also are very helpful in 
directing the best course for redrilling in 
order to avoid collision, provide better 
spacing for drainage and minimize the 
possibility of damage to other wells. 


The method is quite workable in opera- 
tion and the sections provide a relatively 
simple map for laymen. While the applica- 
tion described here was tailored for the — 
Huntington Beach Tideland pool, the — 
primary principle, of mapping perpendicu- 
lar to the hole, will simplify many slant- 
hole mapping problems. 


Development and Application of Subsurface-pressure 
Data in Kettleman Hills 


By E. W. McALuistTER* 


(Los Angeles Meeting, October 1940) 


Tue decision of the California Oil 
Umpire’s! office to accept well potentials 
established from subsurface-pressure data 
has brought to the attention of many 
operators for the first time the application 
of such data to production problems. This 
paper reviews the development and appli- 
cation of subsurface-pressure data in 
Kettleman Hills, where these data have 
been used in production work since 1932. 

The Kettleman Hills field was discovered 
in October 1928. The first subsurface- 
pressure surveys were made early in 1932 
and by the middle of 1933 the two major 
operators in the field were making routine 
pressure runs in their respective wells. 
Shortly thereafter, these companies agreed 
to exchange pressure data, and later a third 
company entered into the agreement. This 
made it possible to analyze the effects upon 
the reservoir pressure of past production 
practices, which are discussed in the latter 
part of the report. 

It is interesting that many of the appli- 
cations of subsurface-pressure data dis- 
cussed herein were anticipated by C. L. 
Clark} and C. B. Kimberlin{ in a report? 
dated March 1933. 


Propuctiviry INDEX 


In the majority of individual well prob- 
lems involving the use of subsurface- 


Manuscript received at the office of the Institute 
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pressure data, it is necessary to use a factor 
known as the ‘‘productivity index,’ which 
indicates the ability of a well to produce 
and represents the number of barrels of oil 
or oil and water per day that will enter the 
well bore for each pound per square inch 
pressure drop made opposite the produc- 
ing interval of the well. The productivity 
index may be determined from pressure 
and production data for one or more rates 
of flow and a static or shut-in pressure 
survey or from production and pressure 
data for two or more rates of flow. Pro- 
ductivity indices may be based upon either 
net oil or total fluid production. All indices 
referred to in this report are based upon 
net oil. 

The value of the productivity index for 
Kettleman Hills wells decreases generally 
with time and it is not uncommon for the 
index to vary in value at any specific time 
for various rates of flow. The decline of the 
productivity index may be attributed 
partly to the loss of reservoir pressure. As 
the pressure gas 
originally in solution is released from the 
oil, congesting the flow of fluids through 
the formation and increasing the viscosity 
and surface tension of the oil; thus the 
flow resistance of the fluids through the 
formation is increased, resulting in a 
decrease of the productivity index. For con- 
venient reference, the productivity indices 
for each well are plotted against time and a 
curve is drawn through the points showing 
the trend of the average index value. 
Plotted on Fig. 1 are index values for five 


reservoir decreases, 
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different wells represented by the various 
symbols. 


STATIC-PRESSURE SURVEYS 


Static-pressure surveys are made after 
a well has been shut in for 24 hr. or longer, 
if necessary to obtain a maximum pressure 
build-up. The rate of pressure build-up in 
gas wells or wells of high gas-oil ratio is 


they fall within the producing interval of 
most of the wells in the zones concerned. 

Examples of reservoir-pressure decline 
of Temblor wells in the various areas of the 
field are shown on Fig. 2. 


GRADIENTS 


Flow gradients or pressure loss in the flow 
string (Fig. 3) are determined from pressure 


PRODUCTIVITY INDEX -NET OIL 


Fic. 1.—PRODUCTIVITY-INDEX DECLINE. 


usually faster than in wells of low gas-oil 
ratio. 

Static-pressure runs are made generally 
in conjunction with one or more flow- 
pressure surveys and serve a twofold pur- 
pose: (1) the calculation of productivity 
indices; (2) the determination of reservoir 
pressures at a datum plane for pressure 
correlations between areas and zones and 
the plotting of subsurface-pressure maps. 
For pressure correlation work at Kettle- 
man Hills, a datum plane of 7000 ft. below 
sea level is used for the Temblor zones and 
10,000 ft. below sea level for the Eocene 
zone. These depths were selected because 


traverses made in flowing and gas-lift wells. 
The gradients are determined for various 
rates of oil production, gas-oil ratios, sur- 
face back pressures, and tubing sizes. These 
data are of especial value in potential cal- 
culations and gas-lift problems.® 


POTENTIALS 


The potential of a well, determined by 
the use of subsurface-pressure data, is 
equal, theoretically, to the product of the 
productivity index and the maximum mean 
pressure drawdown that can be made 
opposite the producing interval of the well. 
By maximum mean pressure drawdown is 


E. W. McALLISTER 4I 


meant the mean pressure difference oppo- 
site the producing interval of the well be- 
tween the static or shut-in pressure and the 
minimum flow pressure that can be ob- 


The highest demonstrated production 
rate of 4333 bbl. per day (curve 3) was the 
maximum production that could be han- 
dled with the surface equipment available. 
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Fic. 2.—RESERVOIR-PRESSURE DECLINE. 


tained under the conditions for which the 
potential is to be calculated. A graphic 
determination of the potential of a well 
from subsurface-pressure data is shown on 
Fig. 4. Curve 1 is plotted from a static- 
pressure survey made in a well that had 
been shut in for 30 hr. Curves 2 and 3 are 
plotted from flow-pressure runs made in 
the same well producing at the daily rates 
of production with pressures as shown in 
Table tr. 


1.—Potentials from Subsurface- 
pressure Data 


TABLE 


Curve 2] Curve 3 


itv Die Del (Gay wcl. 6 cen sce siese 2523 A333 
Water, bbl. per day. ..:... 2)... 174 199 
Gas, M cu. ft. per day...... yore 3490 6340 
Tubing pressure, lb. per sq. in.... 350 710 
Casing pressure, lb. persq.in....| 1130 280 


Productivity indices calculated from the 
static-pressure survey and pressure and 
production data of curves 2 and 3 were 
3.58 and 3.44 bbl. per pound per day, 
respectively. 

The atmospheric potential or the maxi- 
mum production of the well at atmospheric 
surface pressure was determined by plot- 
ting a theoretical pressure traverse, curve 4, 
starting at zero pounds surface pressure 
and using the same average flow gradient 
as that of curve 3. This in effect assumes an 
additional pressure drop at the bottom of 
the hole equivalent to the surface produc- 
ing pressure of curve 3, or 280 lb. Mul- 
tiplying 280 lb. by the productivity index 
of 3.44, calculated from the highest 
demonstrated production rate, indicates 
a theoretical increase in production of 
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963 bbl. per day, or an atmospheric poten- 
tial of 5296 bbl. per day (4333 + 963 bbl.). 

Additional surface equipment was in- 
stalled at this well a few days later and an 


out the flow string, permitting the release 
of additional gas from solution and the in- 
creased expansion of the free gas that 
results in greater aeration or lightening of 
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actual potential of 5466 bbl. per day was 
demonstrated. 

In the preceding potential calculation, 
it was considered reasonably accurate to 
plot a flow-pressure traverse, curve 4, using 
the same average flow gradient as the 
pressure traverse of the highest demon- 
strated rate, curve 3, because empirical 
flow-gradient data indicated that the 
gradient of 0.082 lb. per foot for curve 3 
was a minimum value to be expected for 
the production rates of oil and gas con- 
cerned. 

In general, in wells having low gas-oil 
ratios, the flow gradient becomes less, de- 
noting less pressure loss in the flow string, 
as the production rate is increased. This is 
due to the reduced surface pressure at the 
higher rates of flow being reflected through- 


the fluid column. In determining potentials 
for large wells from small demonstrated 
production rates, this lightening effect 
must be taken into account for accurate 
potential determinations. 


POTENTIAL DECLINE 


The potential decline of a well is a result 
of reservoir pressure loss and loss of pro- 
ductivity as indicated by the decline of the 
productivity index or a combination of 
both. On Fig. 5 are plotted data selected 
for their uniformity, showing the decline of 
the reservoir pressure and the productivity 
index of a Kettleman Hills well. A loss 
of potential is represented by the decline of 
either curve and the combined decline of 
both curves represents the ‘“ absolute” 
potential decline of the well. 
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By “absolute” potential is meant the 
potential of a well assuming all pressure 
could be removed from the face of the 
producing sand. The “absolute’’ potential 


approach of the actual production of 
the well to the absolute potential during the 
first part of 1940 was caused by: (1) the 
installation of equipment for producing 
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is equal theoretically to the product of the 
productivity index of the well and the static 
reservoir pressure at any specific time. 
Plotted on Fig. 6 is the absolute potential 
decline for the well data as shown on Fig. 
5. Inasmuch as it is not possible to pro- 
duce the absolute potential (i.e., remove all 
_ pressure from the face of the sand) in large 
wells until the latter period of the life of 
the well, plotted on the graph also are the 
‘producible potentials for 500, 150, and 
60 Ib. per sq. in. surface pressures and the 
actual daily average production rates by 
months produced during the life of the well 
at the various surface back pressures. The 


the well by intermittent gas lift, thus in- 
creasing the production over that which 
could be obtained normally by straight gas 
lift at low rates of flow, and (2) the probable 
increase of the potential of the well due to 
the repressuring effect of approaching edge 
water, as evidenced by the increase in 
static pressure in 1940 (Fig. 5) and by an 
increasing well cut. 

Well-potential decline curves, such as 
are shown on Fig. 6, usually are straight 
lines or nearly so’(denoting constant per- 
centage decline) when plotted on semi- 
logarithmic paper; hence it is not a difficult 
matter to extrapolate safely the potential 
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declines for reasonable periods into the 
future once the trend of the curves has 
been established. 
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to maintain a 60-lb. per sq. in. (surface 
producing pressure) field potential, con- 
sidered high enough to take care of any 
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Development Program 


In developing the field, it has been the 
policy of the Kettleman North Dome 
Association to complete only enough wells 


irregularities that may occur in the normal 
field potential decline, minor fluctuations 
in the field production rate, and suffi- 
cient flexibility to adjust for varying gas 
demands. 

To facilitate the determination of the 
number of drilling strings necessary, a 
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potential-decline curve for the field is 
plotted, based on individual well-potential 
declines calculated from production and 


subsurface data as described previously. 
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Surface Facilities 
Originally all wells were produced at at 
least 500 lb. sutface pressure. This pressure 
was necessary in order to take care of pres- 


Fic. 6.—POTENTIAL DECLINE, INDIVIDUAL WELL. 
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Superimposed on this curve are the ex- 
pected increases in potential from future 
completions for various numbers of drilling 
strings. From these curves the drilling 
program that will maintain the field poten- 
tial desired is then selected. 
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sure losses through the gas-gathering lines 
and absorption plants and to deliver the 
gas at the required pressure directly to the 
utility companies. 

As the subsurface pressure declined with 
the attendant loss in production, it became 
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necessary to build gas-gathering systems of 
125 lb. and 60 lb. per sq. in. pressure, so 
that the producing pressure at the wells 
could be lowered in order to maintain the 
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TRAVERSES 


DEPTH-FEET 


TBG. PRESS. 
TRAVERSE 
NO. 2 


PRESSURE-LB/SQ. IN. 
Fic. 7.—TYPICAL GAS-LIFT CURVES. 


field production. This, of course, required 
the construction of plants for compressing 
the gas so produced to the required 500 lb. 
pressure per square inch. 

In planning the installation of these 
facilities, it was necessary to make esti- 
mates of the volumes of gas to be handled 
at the different pressures and from which 
areas the gas would be produced. This was 
done by determining the potential oil de- 
cline of the individual wells at the various 


surface producing pressures by plotting 
curves similar to those shown on Fig. 6. 
From these curves the approximate times 
at which it would be necessary to reduce 
the surface producing pressure of the 
individual wells were determined and the 
approximate volumes of gas to be handled 
were calculated by multiplying the ex- 
pected oil production by the gas-oil ratio 
of the well. The trend of the gas-oil ratio 
was obtained from production curves such 
as usually are kept by all companies. 


Gas Lift 


Subsurface-pressure data are indispen- 
sable in the solution of gas-lift problems 
relating to tubing depths, surface and sub- 
surface producing pressures, and the ad- 
visability of various types of equipment 
installations. 

The pressure traverses on Fig. 7 illus- 
trate the use of subsurface-pressure data in 
problems pertaining to tubing depths in 
gas-lift wells. The curves were plotted from 
flow-pressure runs made in the same well 
under different conditions. 

Pressure traverse No. 1 indicated that 
by lowering the tubing below its original 
depth of 6018 ft., and thus making it possi- 


ble to aerate the flow column from a point — 


lower in the well, a reduction in operating 
pressure against the producing sand would 
be effected. The magnitude of the possible 
decrease in pressure and the productivity 
index indicated that this would result in a 
substantial increase in production. 
Pressure traverse No. 2 was made after 
the tubing had been lowered to 8022 ft. 
The subsequent decrease in operating pres- 
sure against the producing interval is 
shown by the shaded area on Fig. 7. The 
increase in pressure loss through the tubing 
for traverse No. 2, as evidenced by the 
difference in pressure of the two traverses 
at 6000 ft., is due primarily to the increased 
friction loss through the tubing caused by 
the greater velocity of the higher rate of 
flow. The production data for the times 
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when the pressure surveys were made are as 
shown in Table 2. 

It may seem that the pressure surveys 
were unnecessary and that by simply low- 


result in little increase in production; 
hence, unprofitable tubing jobs are averted. 

The pressure traverses on Fig. 7 show 
that when the tubing was lowered the sur- 


+ 


SURFACE. INTERMITTER 
PACKER AND STANDING VALVE 
OIL 68 BBL./DAY-WATER 58 BBL./ DAY 

= eo 


SELF ACTUATING 
SUBSURFACE VALVE 


+ 


SUBSURFACE VALVE 
SURFACE CONTROLLED ——_1 


OIL 213 BBL./DAY-NO WATER 


OIL 138 BBL./DAY-WATER | BBL./DAY 


SURFACE PRODUCING PRESSURE 
VALVE DEPTHS APPROX. 8200 FT. 


i 
LB./SQ. IN. 
STANDING 


LB./SQ. IN. PRESSURE AT STANDING VALVE 


TIME~ MINUTES 
Fic. 8.—PRESSURE-TIME CURVES, INTERMITTENT GAS LIFT. 


ering the tubing an increase in production 
would have been obtained, which is true 
in the example cited. However, there are 
numerous cases in which the pressure sur- 
_veys indicate that there will be little 


~TaBLe 2.—Production Data for Pressure 


Surveys 
Traverse | Traverse 

No. I No. 2 

TOURS ee ier ie ee ee aera rena II-3-37 I-4-38 
MOil, bolt per day s..-<c.07--- 535 918 
Water, bbl, per day. 3 .)<...--.- I3 II 
_ Formation gas, M cu.ft. per day 231 673 
Circulated gas, M cu.ft. per day 700 1378 

_ Tubing pressure, lb. per sq. in. 170 180 
_ Casing pressure, lb. per sq. in. 380 570 


advantage gained in lowering the tubing 
because of the already lightened flow 
gradients below the tubing or because the 
probable decrease in operating pressure, 


' coupled with a low productivity index, will 
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face casing pressure increased from 380 to 
570 lb. per sq. in., owing to the increased 
flow-pressure losses through the additional 
tubing and the higher rate of flow. Thus, 
the approximate tubing depth for specific 
surface conditions may be predetermined 
graphically by the intersection of theoreti- 
cal casing-pressure and _ tubing-pressure 
traverses plotted starting with the surface 
pressures desired. 

On Fig. 8 are shown time-pressure rela- 
tionships and oil production for three types 
of intermittent gas-lift equipment. Curves 
of this nature are especially helpful in 
analyzing the operation and advantages of 
the various types of intermitting gas-lift 
devices. Allowing for the surface producing 
pressure of 75 lb. per sq. in., the minimum 
points of the curves indicate that there is 
still considerable pressure remaining against 
the formation. This is not consistent with 
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claims of many of the equipment manu- 
facturers. However, in wells of small pro- 
duction rates, intermittent gas lift is more 
efficient than straight gas lift and generally 
results in an increase in production over 
that obtained by straight gas lift. 


UsE oF FORMATION PRESSURE DATA FOR 
PRECISE ANALYSIS OF EFFECTS OF PRO- 
DUCTION PRACTICES UPON RESERVOIR 
PRESSURES 


Prior to the development and use of 
subsurface-pressure recorders, reservoir 
pressures were a matter of conjecture based 
principally upon the characteristics of the 
well as evidenced by production rates, sur- 
face pressures and fluid levels. Because of 
varying flow conditions, as affected by 
changing gas volumes and producing pres- 
sures, and the lack, of knowledge regarding 
productivity indices, it was impossible to 
determine accurately from such data sub- 
surface-pressure conditions that actually 
existed; hence, little was known or sus- 
pected as to the magnitude or the extent of 
the effect of various production practices 
upon the reservoir. 

At Kettleman Hills, however, 8 years of 
actual subsurface-pressure history have 
made it possible to show specifically the 
effects upon the reservoir of past produc- 
tion practices in this field. It is believed no 
other field offers a better example of pro- 
duction methods affecting a field adversely 
than does Kettleman. 

The Kettleman North Dome Association 
was organized early in 1931 to operate 
under a unit plan leases held by 14 com- 
panies on approximately 49.6 per cent of 
the 16,730 productive acres of the field. The 
Standard Oil Company of California owns 
approximately 47.2 per cent of the field 
acreage and the remaining acreage, 3.2 per 
cent, in two separate areas, is divided 
among six companies. These areas with the 
adjacent Standard and Association proper- 
ties are known as the Huffman and Felix 


areas and are outlined with other areas on 
the maps shown on Fig. 9. 

The major part of the production of the 
field has been concentrated in the Huffman 
and Felix areas, because the operators of 
the small leases in the Huffman and Felix 
areas agreed only to an intrafield allocation 
of the production of the field as set by the 
Oil Umpire on an inequitable well basis, or 
set arbitrary production rates below which 
they would not go. Thus, these properties 
were produced consistently at rates higher 
than would have been allocated to them on 
the more equitable basis of productive 
acreage. For example, during the first nine 
months of the Association’s existence, 
April 1 to Dec. 31, 1931, the competitive 
properties, comprising 3.2 per cent of the 
productive acreage of the field, produced an 
average of 17,964 bbl. per day, or 35 per 
cent of the average production of the field 
of 51,318 bbl. per day. This left the Stand- 
ard and Association 65 per cent of the 
production allocated to the field, or less 
than twice that allocated to the competitive 
properties. 

Similarly, during the subsequent years 
the competitive properties, by one method 
or another but owing primarily to their 
threat to overproduce anyway if a smaller 
share of the allotment of the field were 
assigned them, were allocated inequitable 
percentages of the field production, until 
by the beginning of 1940 they had produced 
more than 39 million barrels, or 17.9 per 
cent of the total production of the field of 
approximately 220 million barrels of oil. 
Consequently, until the competitive areas 
had declined sufficiently, it was necessary 
for the Standard and the Association to 
utilize the greater part of their allocated 
production in attempting to protect their 
immediately offsetting properties in the 
areas having approximately five times the 
acreage of the competitive leases. 

The forced concentration of the produc- 
tion of the field in the competitive areas 
resulted in the rapid decline of their reser- 


49 


E. W. McALLISTER 


“SUNOZ AOTANAT, ‘d1G1d HONOUHL SINTIGVAD TANSSAUd TIVNIGOLIONOJ— 6 “Oly 


AY? WM OD sanoz 


2S =e = arssnoz Or 


arr Bs 


oe ne Ye a 


—-—-—-—-— — — ~~ pee eens (1S3) 3YNSS3Yd YWIOAYSSSY TWNIDINO—+————————— —-~—-—— ~~ — 


OPS : 
i SOLER ae Sx 


PAO Or Serer 


\ WONW YO OD0S AG Galv¥ado LON SalLuadoud// Se xt DS eee \7 
S Xo Ss ae 
y / KS 


Ss Bo 


Sao 


(14 0002-)'NI ‘DS/81-3uNSsayd 


50 APPLICATION OF SUBSURFACE-PRESSURE DATA 


voir pressures and the subsequent expan- 
sion of the gas cap to these areas. The 
attendant increase in gas-oil ratios only 
aggravated the already undesirable situa- 
tion. The effects of producing the field in 
this manner were far reaching. Pressure 
declines were experienced not only in all 
properties in the northwest half of the field, 
where the competitive areas are located, 
but also in the extreme southeastern parts 
of the field, from which, until recently, 
there had been little or no production. 

On Fig. 9 are plotted the yearly reservoir- 
pressure gradients along the longitudinal 
axis of the field, showing the present 
“unbalanced” condition of the reservoir 
pressure due to the concentration of pro- 
duction in the competitive areas in the 
northwest end of the field. The original 
reservoir pressure of the northwest end of 
the field has been depleted more than 75 
per cent and the created pressure differ- 
ential between the two ends of the field has 
resulted in drainage, which has reduced 25 
per cent or more the reservoir pressure of 
the southeast end, from which less than 4 
per cent of either the gas or oil production 
of the field has been removed. 

Fig. 9 shows also that all properties in the 
northwest end of the field have been de- 
pleted of reservoir pressure to approxi- 
mately the same degree, regardless of 
differences as great as five to one in oil 
recovered per acre from the various proper- 


ties favorably located outside the gas cap.’ 


This depletion of pressure has left the 
remaining oil in all northwest properties 
relatively inactive (denuded of gas origi- 
nally in solution) and has caused migration 
to areas of low pressure or into the undrilled 
gas cap, which has led to low recoveries 
from all properties outside the competitive 
areas. : 

This situation illustrates the inequities of 
basing the allocation of the allotment for 
the field upon the number of individual 
wells and their ability to produce without 
consideration of the proven acreage of the 


field and the oil in place. In other words, th 
operators having small leases which the 
were able to develop early, were, on a we 
basis, allocated percentages of the fiel 
production not consistent with the acreag 
of their properties. 
Similarly, the state-wide curtailment 
program connotes the same inequities; 
fields of noncompetitive or ie 
nature, such as Kettleman Hills, are 
penalized for maintaining an orderly pla 
of development and a uniform plan of well 
spacing consistent with the reservoir re 
serves, while highly competitive field 
increase their allotment by rapid drilling o 
well spacings of much greater densities. 
The cumulated net oil and gas produc- 
tion plotted by years for the field and fo 
the various areas are shown on Figs. 10 an 
11. The percentages on the curves at th 
end of each year are the percentages of th 
total cumulated field production of eac 
area at the end of the year in question. For 
example, on Fig. 10, the Huffman area had 
produced 47.6 per cent of the total oi 
removed from the field at the end of 1939 
while at the end of 1936 this area had 
produced 52 per cent of the total cumulated 
field production. The percentage circles on 
the graphs show the breakdown as to areas 
of the total oil and gas produced from the 
field for any one year. For example, the 1939 
percentage circle on Fig. ro indicates that 
the Huffman area produced approximatel 
25 per cent of the total oil removed from the 
field during this year, while in 1937 this 
area produced more than 50 per cent of the 
oil production of the field. The areas of the 
percentage circles in relation to each other 
are proportional to the production of the 
field for each year. The potential decline o 
the competitive areas and the subsequent 
transfer of production to other areas can be 
noted on the percentage circles. 
Referring again to Figs. 10 and 11, of the 
220 million barrels of oil and 1200 billio 
cubic feet of gas produced by the end of 
1939 from the Temblor zones of Kettleman 
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ills, 65.3 and 50.8 per cent of the oil and 
as, respectively, had been removed from 
he Huffman and Felix areas alone and 
irtually all of the production came from 
he northwest half of the field. 

The Temblor formation, from which all 
he production of the field discussed has 
een removed, is composed of sand and 

shale bodies varying in thickness from 
approximately 1250 to 1900 ft. As a matter 
of convenience in correlation and reference 
work, the formation has been segregated 
into five horizons designated ‘as zones I, IT, 
III, IV and V. Zone I is not productive in 
the northwest end of the field, but each of 
the other zones has one or more productive 
sands separated by shales or very fine- 
grained, tight sands, making it possible to 
isolate and produce the individual sand 
members from the rest of the zone or zones. 
The large number of multiple-zone wells in 
zones II, III, IV and V in the areas in the 
northwest end of the field has resulted in a 
more or less uniform depletion of the zonal 
pressures in these areas of the four zones 
mentioned. 

Zonal pressure tests in the southeast-end 
wells, however, indicate that unequal drain- 
age through the individual zones to the 
northwest end of the field has caused pres- 
sure differences as great as 700 lb. per sq. in. 
yet ween zones in this area (Fig. 9). Permea- 
nility tests show that the magnitude of the 
drainage through the various zones has 
yeen in agreement with the permeability 
values of the individual zones; i.e., zone III, 
which has the highest permeabilities, has 
he lowest reservoir pressure, indicating the 
sreatest drainage, and vice versa; zones IV 
und V, which have the lowest permeabili- 
ies, have the highest pressures. These 
;onal pressure differences have complicated 
sroduction problems in the southeast end 
yf the field, and particularly the study of 
yressure maintenance by gas injection, 
which is under consideration. 

Low oil recoveries, in addition to in- 
quitable allocation of production to and 


within the field, have been caused also by 
excessive gas production. The depletion of 
reservoir pressure by excessive gas produc- 
tion and the subsequent effect on oil 
recoveries has been the basis of numerous 
studies and reports at Kettleman Hills. As 
stated previously, more than 1200 billion 
cubic feet of gas had been produced from 
the field by the end of 1939. Approximately 
40 per cent of this gas came from wells 
having gas-oil ratios of 10,000 cu. ft. per 
barrel or higher produced primarily for gas 
sales purposes. The competitive properties 
constituting approximately 3.2 per cent of 
the acreage of the field have produced 
nearly 19 per cent of the total gas produc- 
tion of the field. The average gas-oil ratio of 
the field at the end of 1939 was 5490 cu. ft. 
per barrel. 


TABLE 3.—A pproximate Formation 
Volumes of One Barrel of 36° 
Gravity Oil and Accompanying 
Gas at Reservoir Conditions 


(220°F.) 
Pp Gas-oil Ratio, Cu. Ft. per Bbl. 
ressure, 
. per 
Sq. In. 
1000 2500 5000 
3000 1.604 3.20 ey ks) 
2000 2.00 4.45 8.45 
1000 3.50 8.50 16.80 
500 6.90 17.80 36.00 


4 Example: One barrel of oil and 1000 cu. ft. of gas 
measured at standard conditions (60°F. and 14.73 lb. 
per sq. in. absolute) occupy 1.60 bbl. of space at 
formation conditions. 


Table 3 lists the formation volume equiv- 
alents for various gas-oil ratios at different 
reservoir pressures. The data show that a 
substantial reduction of the gas-oil ratio of 
the field in the past would have reduced 
materially the formation volumes produced, 
and thus would have led to a lower reser- 
voir-pressure decline. Referring to Table 3, 
a reduction of 50 per cent in a 5000-cu. ft. 
per barrel gas-oil ratio at 3000 lb. per sq. in. 
reservoir pressure would have reduced the 
formation volumes produced 44 per cent, 
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and an 8o per cent reduction in a 5000-cu. 
ft. per barrel ratio would have reduced the 
formation volumes removed 72 per cent. 

During 1940 a plan for pressure main- 
tenance by gas conservation was put into 
effect in the southeast end of the field. Such 
a plan has never been tried in the north- 
west end of the field because it has not been 
possible there to obtain the cooperation of 
all operators, upon which the success of a 
plan of this nature depends. 

Void volume calculations of the Temblor 
productive sand bodies and data on oil 
recoveries from fields having reservoir- 
pressure maintenance programs indicate 
that had all the operators at Kettleman 
Hills agreed originally on a plan of pressure 
maintenance by gas conservation the ulti- 
mate oil recovery from all properties would 
probably have been increased materially. 


SUMMARY 


The development and application of 
subsurface-pressure data have given the 
production engineer an understanding of 
reservoir pressure conditions and a method 
of evaluating the ability of a well to produce 
which he has not had before. It has enabled 
him to determine the effect of various 
production policies on the field, to determine 
more accurately the potential and potential 
decline of wells, and to select to better 
advantage equipment suitable for the 
production of each well. These and numer- 
ous other applications have made subsur- 
face-pressure work a routine part of 
production engineering. 
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DISCUSSION 


R. WINTERBURN,* Los Angeles, Calif—Mr 
McAllister is to be commended for presenting 
a comprehensive review of the development and 
use of depth-pressure data in Kettleman Hills, 
which illustrates the varied ways in which 
these data may be used in solving practica 
problems. 


been obtained since the beginning of develop 
ment. This information has been successfull 
applied to problems comparable to those men- 
tioned by Mr. McAllister. Two conditions in” 
the field have made possible studies of a 
slightly different nature: (1) rates of with 
drawal have been steadily reduced under 
curtailment, which has enabled observation 
of the effects of such restriction of flow on 
decline of formation pressures; (2) the field is 
divided into separate blocks by sealed faults, 
which has made it possible to study the effect 
of different well spacing on the individual 
blocks upon pressure declines and efficiency o 
utilization of gas energy. 

An additional application of depth-pressure 
data, which could be used to advantage in 
certain fields, is the use of the pressure decline 
accompanying withdrawal of known quantities 
of oil and gas in conjunction with pressure-— 
volume-temperature data in computing the 
total amount of oil and gas in the reservoir. 
Such information should be useful as an aid 
to reserve estimates. After the field is depleted, 
or nearly depleted, the percentage of the orig 
inal oil recovered and the amount available 
for secondary recovery methods may be deter-— 
mined. Numerous other applications of such 
information undoubtedly will suggest them 
selves. : 

Many multiple-zone wells have been drilled 
in the Wilmington field, in which two or three 
zones are produced separately from the same 
well. The zones are separated by cemented 
blank sections and produced separately through 
flow strings packed off in these blank sections. 
In such wells, it is possible to obtain a traverse 
with a pressure recorder only in the lowest zone. 
Recently pressure data are being successfully 
obtained in the upper zones in such wells by 
the use of fluid-level determinations in con- 
junction with observed surface pressures. 


* Petroleum Engineer, Union Pacific Railroad Co. 


he use of a portable compressor to depress 
he fluid level has increased the accuracy of 
xtrapolations by enabling determination of 
radients in the casing and by reducing the 
ength of the extrapolations. 

Determinations of potential from depth- 
ressure data are based on the assumption of a 
traight-line relation between formation pres- 
ure and production rate. In regard to the 
tatement that it was not uncommon for 
roductive indices to vary for different rates 
of flow I would like to ask Mr. McAllister if 
these variations in the value of the index follow 
any consistent pattern and whether they can 
be attributed to any condition, such as varia- 
tion in ratio or differential pressure between 
zones, in the particular wells in which they 
occur. 


E. W. McAt ister (author’s reply).—The 
possible variation of productivity indices for 
different rates of flow is not uncommon in 
Kettleman, particularly in the southeast end 
x9 the field. Because of the zonal pressure 
lifferences existing in that end of the field, it is 
90ssible to produce multiple-zone wells at low 
ates of flow, so that the zone or zones of low 
»ressure will not contribute to the production 
yf the well. The production rate may then be 
ncreased so that all zones are contributing, 
esulting in an apparent increase in productivity. 

This may be considered a special case. How- 
sver, in single-zone wells that may tend to be 
rassy, and particularly if the sand interval 
ypen to the well is of low permeability, high 
ates of flow will cause the release of gas from 
olution within the formation, thus restricting 
he flow to the well, resulting in a decrease in 
yroductivity. 
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The California Oil Umpire’s office, which for 
purposes of oil allocation accepts well poten- 
tials calculated from subsurface data, applies 
a discount formula to the theoretical well 
potentials in order to take care of any decrease 
in productivity. This, of course, penalizes a 
well of constant or increasing productivity with 
increasing flow rate. 


E. K. Parxs,* Los Angeles, Calif.—This 
paper is commended as a historical document. 
Engineers, like physicians, should have an 
ample supply of ‘‘case histories,’’ for there is 
nothing like the reaction of a patient to prove 
or disprove a treatment. McAllister gives 
practical applications of much that has ap- 
peared in technological papers, and offers 
plausible explanation of variation of behavior. 
His correlation of depth-pressure surveys with 
reservoir performance is especially valuable, 
because there is such paucity of these analyses. 
One reason is that analysis itself is a laborious 
process, and few are privileged to have the 
required time. Another is that this type of 
information is usually considered confidential. 
We have to thank the author and his company, 
the Kettleman North Dome Association, for a 
valuable contribution. The author might well 
have noted that the pioneer of the depth- 
pressure recorder in California was Mr. E. G. 
Gaylord, of The Standard Oil Company of 
California. 

The discussion of allocation principles is 
timely, for equity in proration and in unit 
planning is still a prime difficulty. Views 
backed by facts are especially helpful. 


* Consulting Geologist and Petroleum Engineer. 


Slim-hole Drilling on the Gulf Coast 


By I. W. Atcorn,* MemBer A.I.M.E. 


(Los Angeles Meeting, October 1940) 


THE cost of drilling in the past few years 
of proration and ever decreasing allowables 
has received increasing thought and study. 
It seems to parallel the strides made with 
respect to pumping problems in 1932 and 
1933. Low profit margins stimulate the 
search for economies. 

Any discussion of slim-hole drilling in- 
volves a multitude of abstract values, and 
the problem can be attacked only by a 
study of records and rational thinking. In 
a measure, traditional methods must be 
studied with a questioning attitude. 

The words “‘slim hole” may be somewhat 
misleading, as the term is entirely relative. 
For that reason I wish to define it as used 
in this discussion. On the Gulf Coast, I 
hops define a normal hole as one in which 

o34-in. surface casing has been set and 
cue which a 97¢-in. hole is dug. With this 
as a datum, holes of larger diameter below 
surface would be called ‘‘large holes,” with 
124 in. as the “extra large” class and 
holes of smaller: diameter classed in the 
slim-hole range, 614 in. representing about 
the minimum size. The optimum size has 
not been definitely determined, but the 
preference is for a program that would call 
for setting 85-in. surface casing and 
digging a 734-in. hole. Different sections 
of the country might very properly deviate 
from this practice because of differences in 
depth, formations, regulations, or other 
factors. 

This paper will be confined to a discus- 
sion of the drilling of exploratory wells, as 
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* Division Production Engi 


neer, Gulf Coast Pro- 
ducing Division, The Pure 


il Co., Houston, Texas. 


the drilling of this class of wells is quite a 
different problem from that of drilling a 
proven field, although many of the same 
considerations apply in both cases, as will 
be apparent. 

Although for many years shallow slim- 
hole and core-test holes of small diameter 
had been dug, it was not, I believe, until the 
fall of 1937 that serious consideration was 
given to its application in drilling wells 
7000 ft., 8000 ft. and gooo ft. deep on the 
Gulf Coast, This does not mean that nearly 
all such wells drilled on the Gulf Coast now 
are of the slim-hole variety, but only that 
efforts have been aimed in that direction 
with very encouraging results and there has 
been a very definite trend to reduce the size 
of holes, a trend that probably will continue. 

As to exploration policy, there appear to 
be two distinct and opposite views. The one 
usually followed in the past was more or 
less designed to “shoot the works” on one 
well. Generally on the Gulf Coast, the depth 
at which production might be obtained is 
limited by the drilling equipment and 
economics. With this thought in mind, 
wildcat wells are often planned with the 
idea of carrying the depth to 10,000 ft., or 
even 15,000 ft. All of the possible hawenae 
are anticipated and the general drilling and 
casing programs are so predicated. Such 
wells contemplate the drilling of large- 
diameter holes; the setting of at least one 
protective string of casing and an extensive - 
coring policy, all of which finally adds up 
to an expensive well. 

As opposed to this general policy is the 
slim hole. This, on the Gulf Coast, recog- 
nizes that new discoveries represent gam- — 
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bling odds of about 7 to 1 against the 


discovery of commercial production. It also 
takes the position that 10,500 ft. represents 
the lower limit of economical production 
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The major costs of wildcat drilling are: 
drilling, including rig time and _ labor, 
casing, fuel, mud, coring, bits and reaming 
in the order mentioned; also included might 
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and that below that point the odds are 


greatly increased of even finding oil pro- 
duction. Production found below that 


depth on the Gulf Coast would probably be 
of the distillate variety and, if so, would 
certainly be an uneconomic venture. There- 
fore, the rig chosen would be one capa- 
ble of drilling only to that depth, or even 
less. 


» 


aptly be the cost of moving in and provid- 
ing a marine structure on which to set the 
rig. If we acknowledge this, we find that 
we can employ a much smaller and compact 
Diesel or gas-engine mechanical rig satis- 
factorily, which reduces greatly the cost of 
foundations, moving in and fuel. The reduc- 
tion in hole size materially reduces the bit 
cost, drilling cost, reaming cost, casing cost 
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and mud costs. The policy of this kind of 
operation also reduces coring to a mini- 
mum, if it does not entirely eliminate it, 
so that in the over-all picture the cost of 
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drawn. The first step in this direction is to 
secure the necessary information from the 
field, or, in other words, from the drilling 
report. As our drilling reports were incom- 


BIT RECORD 
ee DAIGLING 21 = GORING Ss | RMINGZ |e 71 TAS a 
Pa Md 


BUS&SG@ANAGHADBNA 


6349} 63737 3HrSs. 


} 


e 


MUD COSTS MAN HOURS 
100*S0d. Te traPhos. 16° * # 16.00 Moving Moterial- 322 
25" Bicarbonate of Soda @f295//00*—_——.7/ Rigging Up 693 
600*Buromin @f/7.75//00* 106.50 Piling 142 
645x.Aguage! @f47.°7on 200.30 Erecting Derrick 373 
/Bole Fibrotex C$ 3.4 Bale 3./4 /§30 
3Sx.)7ica @ $80." 700 12.10 

$338.75 
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drilling exploratory slim holes is approxi- 
mately one-half to one-fourth that of drill- 
ing the large holes, which means that two 
to four wells can be drilled for the price of 
one, thereby decreasing the gambling odds 
per dollar. 

It might be well to investigate in more 
detail the basis upon which these general 
statements and premises were determined. 

To begin with, it is necessary to compile 
an accurate and detailed report of records 
from which many of the conclusions are 


plete in this respect, a new one was adopted 
incorporating the desired information, copy 
of which is indicated in Fig. 1. Supplement- 
ing this report are two other reports, one 
covering cementing jobs and the other 
drill-stem testing, electrical logging and gun 
perforating. From this information, a time- 
depth drilling curve is constructed, as 
shown in Figs. 2 to 5. This information is 
then transferred to two summary sheets, 
one being a summary showing the complete 
breakdown of time in hours together with 
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other pertinent data for all wells drilled, 
and the other covering the cost analysis, and 
both showing the total for all wells and the 
percentage of the total. 


11.14; actual feet per hour, from 9.56 to 
23.97; bit cost per foot, from 0.524 to 0.071; 
coring cost per foot, from 0.562 to o; 
reaming cost per foot, from 0.24 to 0.054; 


BREAKDOWN OF OPERATIONS TIME 


Hours % Hours 
Drillin S534—41.96 
nee a vat SYFO_RECORD 
Reaming ea Ey, Lepth Deviation 
4nN9-Cmnk-Csng. 23 —— 2.73 mee a 
W-OC. 131% ——15.62 yege, ie 
Fishing ————____— 5% —— .68 ae O° 
SyfO. ———_—________ //#a. —— /.36¢ BILE 2 
Schlumberger ———_— 1/84 —— 2.17 ie if 
Rep.Rig 8% —— 2./7 oe 4 
MixMud 4% 50 eee a4 
Circulating ———_——__—_ /2_ —— /.43 708, as 
Ro.7rip- Chg. ifs ————— 99 ——J1.77 pag a 
/1'scel/lane@ous —————_—_——. /444. —— /.72 ead f 
WO.Weather ——_—_—————__ /  —— ./8 “is $f 
W0.aleria/ ———_——_ 6% —— .74 ee ae # 
Perforating ——_—_—_—_/2 — /.42 ere te 
Working on Brkn.csing. eo — 2/5 iio re 
String. Block //4a — 1.36 
Laying down? —____— /44 — /.69 
Comp- Watching &Gauging Well= 76 __ —~ 9.04 
64/% 00.00 
ORILLERS RECORD 
Hours. FEET LeerfHe. 
Torey ————— 0/4 2538 25.06 
Kesodeaux B04 1839 22.91 
Broussard: 3/% 2/36 26./2 
Hackerf 90 1343 S492 
3534 7856 22.23 
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Tables x and 2 show a grouping of wells 
to similar depths and other similar char- 
acteristics, but of different sizes of holes; 
A, B, C, D being 1234 in., 93% in., 834 in. 


and 73 in., respectively. Table 1 was taken 


"el 


from the summary of hours and Table 2 
from the cost summary. Table 3 is a group- 
ing of these same wells showing the percent- 
age of totals for each group. 

Table 4 is a final grouping and classifica- 


tion summary of these wells covering both 
“costs and pertinent data. It is from this 


tabulation that the clearest comparisons 


can be seen. The wells are all about the 
~ same depth but the “total days” varies from 


—- 


average of 9734 to 35%4; total cubic 
feet, from 9921 to 3640; bit changes, from 
78 to 21; footage per bit, from 128 to 395; 
actual cubic feet per hour, from 11.3 to 


wy eA 


drilling (including time and bits) per foot, 
from 3.25 to 0.95; fuel cost per foot, from 
1.55 to 0.062; mud cost per foot, from 0.269 
to 0.033; casing cost per foot, from 3.96 to 
0.697 and total cost per foot, from 9.81 
to 1.79. 

The interesting points regarding this 
tabulation appear to be, aside from the 
progressive reduction in values as the size 
of hole is decreased, in the actual cubic feet 
per hour excavated, casing costs and fuel 
costs. The actual cubic feet per hour re- 
mains about the same regardless of the hole 
size. This is quite significant, especially 
when translated into lineal feet, as noted 
in the column showing actual footage per 
hour and the “bit costs.” The casing costs 
are significant in that protective strings 
were run only in the large holes, and that 
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accounts for the high costs in this group. 
It seems to be safe to assume that the pro- 
tective strings were not necessary to the 
drilling of the wells. 

The fuel costs reflect advantages to be 
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The information is taken from the tabu- 
lated data, using the average figures and 
representing depth of 8111 to 8356 ft. The 
total time represents the time from spud- 
ding to total depth and actual time only 


TABLE 2.—Cost of 


Operation 


Bits. eee atin e oe ccieaeet ce ee aoereeties Saheb 


TAME Ss corso letonecaein Cue oe Shei ee 
Fish, 
Rotating time with regular coring bit...... 
W/L cores @ $17.50 each 
Reed rental @ $5.00 per day............. 


LOGAI COLTER go cies acai ate aiececotausle, ea arena 
Reaming: ; 
Full-hole reaming time.................. 
Rat-hole reaming time... «2.6.5. 000 deers 
Underreaming time l=. ato. sano caren vile 


Total reaming 7.) jn tase aa ete Oars 
Drilling: 

Time on bottom make hole 

Round-trip time 

Drilling-pit cost 


‘Totalidrilling sy .c\sics<ia cnet Seer 
Fuel: 
Oil Sprice peri bli. ce xa sre cape eine eae Salers 
Oil) totall cost) !. tes. cheek Ot oath eels 
Barge rental rate...... BSP yee arene 
Barge total rental Gk vic Sere ake ree 
LO WIRE CORE oy cere ote cain ccc mete ie ae 
Gas, cost per Mi cti it. 2acd see dese ae es 
Gass total cost... ccnronncarteteitere Gabe ee 


Total fuel...... Site, Sakai be Cel dastnin, Pagid Oh alate tens 16,058. 


Mud: 
Matertalitrrcm sci ateians Stee rama te a ates 
Mix mud 


TORQ CUG:-:., J < expres call alii oer teat ae ee cle 
Casing: 

Material cit cigaalete sant irie ues te Gat tas 

Running and cementing................. 

Waiting-oniceéinant. 0c tae merc tants a 


Total casing wscsi vdeea se ee ee Cee 
Gtand)totalars 2 hase ve chnv nessun evs mele ie tena 


A-1, A-2, A-3, large holes, 1244". 


it plug and pulling bit............. 2,480. 


121.838. 


ace $3,199. -65 
-198 oO. O.1IS 


228. .00 
464. .00 
1,490. 
° 


1,330. 
520. 


4,032. .00 


1,985. .00 
te} 


13,130. 9 ; .00 
3,290. ,100. .00 
1,345. 971. -65 


17,765. , . -65 


I. 
14,591. 
ce 


14,591. 3 . 40 


43.853. ‘aI 


B-1, B-2, B-3, normal holes, 974’’. 


a Per month. 


obtained both by reason of decrease in 
drilling time and in the use of the slim-hole 
Diesel mechanical rig in effecting fuel 
economies. 

A summation of the entire theory of hole- 
size reduction might be graphically illus- 
trated as in Figs. 6 and 7, Fig. 6 being 
based on the relationship between cubic 
feet per foot of hole and time in minutes per 
foot of hole as affecting total time and 
actual time. 


the time rotating cutting hole. The slope of 
these two curves is significant and also their 
tendency to converge in the smaller hole 
range. The space between the curves, of 
course, represents ineffective work and 
shows a progressively greater percentage of 
ineffective time as the hole size is increased. 
This is because the smaller footage per bit 
required more round trips, more reaming 
time, and other work. Fig. 7 is the same 
information using the diameter of hole in 
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inches on the horizontal scale. While indi- 
vidual wells may vary somewhat, it is 
evident that the data indicate a very 
definite trend and the average points con- 
form accurately to the charts. 


Drilling Operations 
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tion of 30 per cent. Electrical logging and 
mud-stream analysis have contributed to 
lessening the amount of coring necessary. 
Side-wall sampling and, more recently, 
side-wall coring are also tending to mini- 


Percent- 
B-3 C-1 C-2 D-1 D-2 D-3 Total age of 
Total 
$1,450.50 | $1,165.05 $1,046.78 $714.90 $448.19 $448.1 
’ ; , : ‘ -I9 | $23,290. i 
Os 177 0.156 0.116 0.086 0.056 0.056 eat ey 
462.00 0 300.00 to) (0) ° 2,882.93 
362.00 (0) 472.50 (o} (0) i) 4,549.50 
to) to) 0 ° ° ° 5,045.00 
1,050.00 ° 1,410.00 fo) oO oO 4,660.00 
oO ° to) (0) (0) ° 5,705.00 
ts) to) ° ° (0) to) 1,045.00 
1,874.00 (0) 2,182.50 co} fo) (o) 23,887.43 5.94 
50.00 863.00 450.00 980.00 208.00 152.00 9,851.00 
42.00 (0) 125.00 (o) {0} {0} 433.60 
(9) ° ° ° to) ° 392.00 
92.00 863.00 575.00 980.00 208.00 152.00 10,676.60 2.66 
5,825.00 6,085.00 9,530.00 6,925.00 4,830.00 5,520.00 90,014.95 
1,795.00 2,378.00 2,875.00 1,695.00 1,264.00 I,158.00 37,220.00 
988.30 1,165.05 746.78 714.90 448.19 448.19 20,766.42 
8,608.30 9,628.05 13,151.78 9,334.90 6,542.19 7,126.19 | 148,001.37 36.47 
() 1.62 0.06/gal Lo7s5 T75) 1.75 
(0) 433-68 1,206.96 4066.92 283.50 3890.28 42,031.34 
to) 5.006 (0) 5.00 5.006 5 .00b 
to) 30.00 ° 30.00 20.00 30.00 3,065.00 
° 100.00 to) 120.00 80.00 100.00 716.00 
45 .00b (0) ° to) to) ° 
2,160.00 ° to) ° (0) ° 10,168.40 
2,160.00 573-68 1,206.96 616.92 383.50 519.28 55,980.74 13.54 
5,333 -50 307-34 3,927.50 485.50 123.32 60.31 15,791.63 
272.00 Co) 183.00 150.00 to) (0) 3,219.50 
5,605.50 307.34 4,110.50 635.50 123.32 60.31 19,011.13 4.68 
3,064.60 3,369.60 2,395.83 3,396.93 3,331.31 3,897.68 | 115,565.31 
234.00 234.00 207.00 433.00 317.00 6,224.00 
1,715.00 2,365.00 1,946.00 1,655.00 1,675.00 26,970.00 
5,013.60 5,968.60 5,609.93 5,419.31 5,880.68 148,765.31 36.67 
23,353-40 |17,340.67 17,177-25 |12,676.32 113,747.46 | 406,322.58 


C-1 and C-2, semislim holes, 834’. 


D-1, D-2, D-3, slim holes, 734”. 


b Per day. 


From a mechanical standpoint, there 
have been new developments in technique 
and equipment in recent years that have 
been very instrumental in following this 
trend. Among these is the development of 
internal flush drill pipe, which creates a 
better balance between friction inside the 
pipe and velocity in the annular space. For 
this work we are now using a string of 
314-in. IF made of N-80 steel, permitting 
equivalent strength with a weight reduc- 


mize coring. Gun perforating has brought 
about changes in completion programs, 
tending to material reductions in rig time 
and over-all costs. Much improved cement- 
ing technique has lessened the hazards of 
water and gas encroachment, changing 
what used to be poor practice to good prac- 
tice and thereby reducing costs. These 
improvements involve use of wall scratchers, 
rotation of casing with eccentric couplings, 
cement retainers and general improvement 
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in mud control, cement, and other factors. 
Constant improvement has been made in 
multispeed drawworks as applied to Diesel 
or internal-combustion mechanical rigs. 


TIME IN MINUTES PER FOOT OF HOLE 
INEFFECTIVE WORK 


EFFECTIVE WORK 


gines, compounded and driving both a regu- 
lar 27}4-in. oil-bath rotary table through an 
eight-speed drawworks and the power slush 
pump, which is a 734 by 14 or 74 by 1I5. 


o2e 


----------¢> 
to 
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INEFFECTIVE WORK 


ips ye Sie Dy Py a 2 eg DE cae ee ae 
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Tee 
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EFFECTIVE WORK 


DIAMETER IN INCHES OF HOLE 
© N © a Ss = N S 


~ = ~ ~ 


Fic. 7. 


Fic. 6.—RELATIONSHIP OF DRILLING SPEED TO CUBIC FEET PER FOOT OF HOLE. 
Fic. 7.—RELATIONSHIP OF DRILLING SPEED TO HOLE DIAMETER. 


There is a rather definite trend toward the 
use of torque converters and hydraulic 
couplings, which would further increase the 
desirability of the straight mechanical rig. 
The rig most familiar on the upper Gulf 
Coast area is designed for drilling to 9000 ft. 
with 314-in. drill pipe. In general, such a 
rig would be powered with two 220-hp. en- 


A conventional 136-ft. derrick with a 26-ft. 
base is usually used. A compact utility unit 
is required, powered by an 85-hp. engine 
driving through a line shaft the various 
units such as generator, compressor, wash- 
down pump and a 6 by 12 power pump for 
jetting mud. The last-named pump may 
also serve as a standby for the regular 


—————— 


_—— 


—o 


I. W. ALCORN 


pump. The entire unit is mounted on 1o-in. 
pipe skids in which compressed air is stored. 
Rectangular steel mud tanks and fuel tank 
are also skid mounted. 
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manufacturers’ standpoint, it appears that 
about 854 or 834 in. represents the mini- 
mum size in rock bits before structural 
strength becomes a factor, so in view of the 


TABLE 3.—Percentage of Totals 
eee ee ee 


Percentage of Totals 
Operation, Hours 
A Wells B Wells C Wells D Wells 

Rigging TDPOLLOE SPUACINIG . . \aakin fe. aieein sonnel cesstelic 5.38 I.88 0.93 0.56 
pe dLITI Netrrsreewree cae Stele bs slatnn PERO eA N civis oieiajee weeeltes waz 36.44 41.28 34.66 40.80 

(EIEN TEM cp dea dab SDIGOOUE hee 145 OPS DEE atc seer 4.72 3.22 3.19 3013 
(ClemhsTy pete Gono Aan Peco tee an a ce ae ee ae 2.59 1.38 1.84 ° 
Mishyabit plug and core barrel: <p... sj ++ sess se ee ses 3.07 2,12 fo) 0 
Installing AS WLEGIILPIMEHE aM)- wer ieels cies hance oes elo «ates 0.28 0.70 (0) Oo} 

epairing Sh ocs or ich ORC CE eon Mone ie aie ee .06 .62 5 
Round. trp and changing’ bit... 1663 o.a. ee voaetret oe. hs 18 hee Ay Ae Joe 
Pein weep rccte Ohno hoa eta nacoudnm Garden ces D 1.87 (0) 4.30 0.94 
EMULE COSIE Pr tetste mre erase cies mrettvetnye oe ese eee sce 3.00 1.76 2253 2.31 
Waiting alo) VieGhet 57 SON CMe ORIGE IC REL Gree hPa RTS anton 10.45 8.83 10.97 I2.44 
PEAR MON SUNY EY Stereo oe «oes Bae Gan had kare ieee eles 0.79 I.2I 0.92 0.81 
NASeedta ei clnn Peticrate Maisie ¢ kysgcii sheild whe-are ache Wek MPdiows ate 3 eZ 0.61 0.41 0.35 
NEL EESA LUMI) ot Uy CL lence cca ctorar ce levars oy dtval he; wrdaraiateee a petereca a dx I.50 2333 3.61 1.52 
Changing and repairing drill pipe..............0...... 1.60 0.64 0.02 0.59 
_ulerermerttere 1 A UGe es Ga gre ac ec 0.53 0.65 1.95 Teas 
DV Gite OM COOLS cas stainless oh shas- sin cvs Se Siole'ece «ole « 1.81 fo) 0.77 0.71 
PW ANC SMONLOTAETS cere lewicly sielere\ Somounie <tsis sua) naisliajels, eme-oco sve fo) 0.07 fe) 1.65 
WMGNtAt OM WeabMer. saris ctoes, acs etic. cone nie Fcc besser tuere oho 'e 0.21 0.11 0.29 0.05 
Matting On fuel Or Water eae ssisccs wrcsiebis os dete drew crates 0.05 2.36 (0) fo) 
Ree OCMC HPYUNIVTIS here eietc at-scalene reais trees ays ohernus eae mete eianat oie 0.33 0.83 3.49 3°79 
SSR tri iti DLOEKS eleva rors e: clevoisi s. overs, oe stereiel s (o.btarehaval ee. vials 0.84 0.66 0.45 27 
VEISCELLAM GOUS seein merle cars Bice 's sks Heys <\tee ope eis crcliveds-lanae 2.52 2.84 3.63 5.38 
peri OratiiewaiG cl): So Lisle cisielein sje aislmsleielste) sie eicfeieie ernst 0 Co) 0.72 oO 
Laying down drill pipe and abandoning................ to) I. Lr I.04 8.52 
MOON PICELOIMs aie Ae erate ete <a lonn pro.0 a lna'e's oyo. Heya Sauretcele scales ° 3.61 5.34 fo) 

Costs 

Orin GICOStS sy siele seis tle © er alo = oh pl elele ale © nips molec vio wri $6.28 $8.21 $5.08 $0 

GAMING COSTS... 0.00022 e cece ewes cere ce ese weecnns 2.39 2.68 2.35 3.07 
MOTH IeIC OSES err eierele sie lei orrinis'aie ope ape ein mp apes ele oles 27.03 45.50 52.90 52.68 
Rae LRC OSES tNetacvere het ots piace evoke orate (es ine: als ma cale ors maleate sels 16.65 70 4.14 3-49 


Working out a balanced rig and arriving 
at a proper mechanical setup is not difficult. 
The operator needs sufficient horsepower 
for hoisting and for rotating and circulat- 
ing. He must have a power pump capable 
of giving enough volume of mud at a pres- 
sure. The gear end of the pump is usually 
the bottle neck in this consideration. For 
minimum requirements we use a figure of 
125 ft. per minute for velocity in annular 
space. With rock bits, we shoot at a figure 
of 2000 Ib. per inch diameter as maximum 
weight to apply, and supply a drill collar of 
such total weight that by utilizing 75 per 
cent of this weight we get the 2000 lb. per 
inch diameter of the bit. From the bit 


numerous other advantages to be gained, 
it would appear that an 834-in. hole would 
represent the optimum size for digging 
below the surface with rock bits unless, of 
course, it is planned to run an intermediate 
string. For drag-bit drilling, we feel that 
734 in. represents the optimum size. 

All of the drilling figures presented in this 
paper pertain to the upper Gulf Coast area, 
extending from Corpus Christi to New 
Orleans, which involves essentially the 
use of drag bits, although some rock bits 
are used. The conclusions drawn apply 
primarily to this type of drilling and to 
wells 6000 to 10,000 ft. deep. A true analysis 
requires accurate and complete data on the 
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entire operation with costs in so far as it is 
practicable to obtain them. Mere statement 
of fact without a knowledge of the relation- 
ships and factors involved may lead to ver 
erroneous conclusions. 

Recognition of improved practices not 
only in drilling but in completion practices 
as well should be stressed in an effort to 
reduce the over-all costs of drilling wells. 
Practices that were considered highly 
desirable in the past may be only an addi- 
tional burden to the operator in the light 
of present tools and technique. 

The primary purpose of this paper is an 
attempt to set forth some of the work that 
has been done on the Gulf Coast and direct 
a little more attention to the possibility of 
reduction of hole size in other sections of the 
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country where deep drilling is done and 
where different conditions and regulations 
combine to create a different set of condi- 
tions. If such efforts are followed up, it is 
hoped that the industry as a whole may be 
benefited in proportion to any improvement. 
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Characteristics and Application of an Oil-base Mud 


By Horace W. Hinpry* 


(Los Angeles Meeting, October 1940) 


This paper presents the ingredients com- 
posing a type of oil-base mud that has been 
successfully used in drilling oil horizons in 
California, the effect of ingredient concen- 
trations on physical properties, methods of 
handling at the well and possible advantages 
of a waterless drilling fluid with excellent 
plastering properties. 


INTRODUCTION 


An oil-base mud is a rotary drilling 
fluid in which oil has been substituted for 
water as the principal liquid ingredient. In 
recent years such a mud has been developed 
and used successfully for drilling the oil 
horizons of wells in various California 
fields. There are several types of oil-base 
mud, but only the type that is currently 
used to any appreciable extent will be 
considered at this time. 

The oil-base drilling-mud compositions 
used by Shell Oil Company, Incorporated 
have been covered by several patent appli- 
cations on which patents are expected to 
issue at an early date. 

The purpose of this paper is to present 
data on the fundamental design of the mud; 
the ingredients used and their specifi- 
cations; the effect of ingredient concen- 
tration on physical properties; the selection 
of the proper mud; the facilities needed for 
handling the mud; and a general discussion 
on drilling with oil-base mud. 

In view of the early stage of development 
of oil-base mud, the great number of vari- 
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ables, and the almost unlimited possible | 


combinations of these variables, which in 
turn require extensive laboratory study, 
there are certain irregularities and omis- 
sions in the data presented here. However, 
it is believed that sufficient data are at 
hand to permit a fairly complete analysis 
of the characteristics of oil-base muds. 
In view of the excellent plastering proper- 
ties of oil-base mud when properly pro- 
portioned, its use should: (1) minimize the 
possibility of impairing the natural flow 
potentialities of the producing horizon such 
as that resulting from infiltration of water 
from water-base muds; (2) permit smaller 
clearances for setting liners, since the mud 
sheath has no appreciable thickness; (3) 
eliminate the possibility of clogging the 
perforations of the liner with thick mud 
sheath; (4) facilitate the removal of the 
mud sheath from the walls of the hole, for 
its mud sheath has no appreciable strength; 
(5) assist in drilling through formations, 
such as ‘“‘heaving shale,” where water 
wetting appears to be a source of difficulty. 
(6) permit cores to be obtained without 
contamination from drilling water. 


FUNDAMENTAL DESIGN OF AN OIL-BASE 
Mup 


In the design of any rotary drilling mud 
it is necessary to select materials that will 
fulfill the following requirements: (1) act 
as the liquid medium and regulate the 
viscosity; (2) impart initial and final 
plastering properties; (3) give gel strength 
and structure in order to prevent settling; 
(4) serve as a weighting material. The 
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ingredients selected may serve one or more 
functions. 

In developing an oil base mud it was 
found that, if properly proportioned, the 
following materials made a suitable rotary 
drilling fluid: 

1. Stove oil to act as the liquid medium; 

2. Oyster shells, limestone or barite, to 
serve as weighting materials and also to 
impart the initial plastering properties; 

3. Lampblack to give gel strength and 
structure; 

4. Blown asphalt to impart the final 
plastering properties. 


INGREDIENTS 


Of the many materials that have been 
tested those listed above have been found 
to be the most suitable for the mud under 
consideration. This does not preclude the 
possibility that other materials may be 
found or developed in the future that would 
function as well or perhaps better than the 
ones selected. However, based on experi- 


TABLE 1.—Specifications of Materials Suit- 
able for Oil-base Mud 


STOVE OIL 
METAVALY pone Lee he tie hee crete uals ona sie sie sale 38.4° 
WEOIO LAG. DoW eccrine « isle otal cl syeraieln eyes ave 1g 
iiasn, Pensiy-Marten C.0. 2.0 ccs ore oe ney 40°F. 
ZONTaIOLIU  eaiatee ols 6s teraisisys' she) shaye.s(Seie. SGusNeme shane 35cr 
Carbon residue..... Gpase sesoooeouetocewe 0.01 
Saybolt Universal viscosity at 100°F........ 33 sec. 
A.S.T.M. distillation: 
Initial boiling point................... 334°F. 
LO BUCS EIEN Obit aty <12) «ais rete ounite x) «0 oleneite B30°k. 
OOWs Cistibled Ofbaniey steiciere cletdicrels salel- wel 526°R, 
ENA alot g DOME wt..cr cies eye syste gies se 586°F. 
OysTER SHELLS 
Screen analysis....... i++ 95 % through 100 mesh 


85 % through 200 mesh 
2.65 


Specific gravity............ 3 
LIMESTONE 


Screen analysis............. 90 % through 200 mesh 
Specific gravity............ 2.6 
BARITE 

Screen analysis............ 97 % through 325 mesh 
Mpecihic: Sravity. 4s... 6 ce 26 Ales 

LAMPBLACK 
Oilvapsorpti0M.|.. «<6 cs «6. 0.38 gal. per pound 
Specific gravity........+..- 175 
PBUline Values. eae 2s ee sie 6.75 lb. per gallon 


Biown ASPHALT 
Penetration (77°F.)........ 10-20 
Melting point, (ring and ball) 225°-230°F. 
Cut back with oil of following specifications: 
Grayttyae ask slen tac. ae BZ05°: 
Flash, Pensky-Marten 
CiCaprle cies! Soopioe (eeenti7O) ee 
Saybolt Universal vis- 
COUN Ge gaidinvecaorne at eae pen 
PUR ann 10 % at 448°F. 
A.S.T.M. distillation... {90 % at 640°F. 
@The proportions normally used are one part 
blown asphalt mixed with one and one-half to two 
parts of oil (by weight). 


ence to date, materials conforming to the 
specifications listed in Table r are preferred. 
In order to facilitate handling in the field, 
the blown asphalt is cut back with oil so 
that it may be pumped. In view of the 
temperature required when melting the 
asphalt and the low flash point of stove oil, 
an oil with a high flash point is used for 
cutting back. The specifications are given 
in Table r. 


EFFECT OF INGREDIENT CONCENTRATION 
ON PHYSICAL PROPERTIES 


It is evident that the characteristics of an 
oil-base mud depend upon the _inter- 
relationship and proportions of the various 
ingredients used. In order to determine the 
influence of ingredient concentration, a 
series of tests was made. in which the 
following physical properties were measured 
under the conditions shown: 

Weight: pycnometer; 70°F. 

Viscosity: Stormer; 600 r.p.m.; plain 
cup; 80°F. 

Filter loss: low-pressure wall-building 
Lester moO mlD sapere Sd ln.cu jo bre time 
interval first hour; filtering area, 7 sq. 
inches. 

Settling: roo c.c. graduates; settling 
period 18 hr.; 1oo°F.; determine specific 
gravity of top half of sample before and 
after settling period. 

The results of these tests are shown 
graphically on Figs. 1 to 6, inclusive. The 
units used are: weight in pounds per cubic 
foot; viscosity in centipoises or the driving 
weight in grams when the viscosity is above 
the calibrated range of the viscosimeter; 
filter loss in cubic centimeters of filtrate 
lost in the first hour; settling in percentage 
of the solids settled (the loss of weight in 
grams of the top half of the sample divided 
by the original number of grams of solids in 
the top half, times roo); and concentration 
in percentage by weight. 

In making the tests, it was apparent that 
permissible variation of the concentration 
of weighting material, to obtain a mud of 
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any desired weight, would be slight. Con- 
sequently, the concentration of weighting 
material was maintained constant in each 
series of tests on mud of a given weight. 
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TION ON PHYSICAL PROPERTIES OF 69-POUND 
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Also, earlier work had demonstrated that 
lampblack concentration and asphalt con- 
centration were the principal factors in 
influencing physical characteristics other 
than weight of the mud. Therefore, tests 
were made to determine the effect of each 
of these ingredients on three different 
muds, 69-lb., 80-lb. and 95-lb. Throughout 
the various tests, the concentrations of two 
ingredients were kept constant while the 
concentrations of the other two ingredients 
were varied (i.e., when studying the effect 
of lampblack, the asphalt and oyster-shell 
concentrations were maintained constant 
while the lampblack and stove-oil propor- 
tions were varied). This method of per- 
forming the tests caused the weight of the 
finished mixture to vary slightly according 
to the concentrations of the two variable 
ingredients. If the weight of the finished 
mixture had been maintained constant it 
would have been necessary to vary the con- 


centration of three or four of the ingredients 
of the mud. It is believed that results 
obtained by allowing the weight of the 
mixture to fluctuate are more informative, 
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CENTRATION ON PHYSICAL PROPERTIES OF 
69-POUND PER CUBIC FOOT OIL-BASE MUD. 


since the concentrations of only two of the 
ingredients are varied. 

The effect of the lampblack concentra- 
tion on muds of 69-Ib., 80-Ib. and 95-lb. per 
cu. ft. is shown on Figs. 1, 3 and 5, respec- 
tively, and the effect of asphalt concen- 
tration on muds of corresponding weights 
is shown on Figs. 2, 4 and 6. The results of 
the tests as shown on the graphs are for the 
most part self-explanatory, but there are 
several results that warrant discussion. 

As anticipated, the lampblack concen- 
tration is not only the primary factor in 
determining the settling properties, but it 
also has a large effect upon the viscosity of 
the mixture. In addition, it is apparent 
from Figs. 1, 3 and 5 that the filter loss 
decreases as the lampblack concentration 
is increased from o to +2 per cent, and that 
thereafter the filter loss increases as the 
lampblack concentration is increased from 
2 to ro per cent. This effect was not ex- 
pected and at the present time the explan- 
ation of this anomaly is not known. 
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The asphalt concentration of an oil-base 
mud is the controlling factor in determining 
the filter characteristics of the mud. It also 
affects the viscosity and settling properties 
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of the mud. In general, a high asphalt con- 
centration in the mud produces a low filter 
loss, a high viscosity and a low settling rate. 
An exception was found in the 69-lb. mud 
when settling rate increased as the concen- 
tration of asphalt was raised above 12 per 
cent, as shown in Fig. 2. The reason for this 
behavior is not known. Also, it was found 
that heavy muds require less asphalt to 
obtain a given filter loss than do light muds. 

Although the viscosities of some of the 
mixtures are unusually high, field tests 
have demonstrated that moderately high 
viscosities are desirable to minimize set- 
tling. Viscosities as high as 400 grams 
(grams driving weight to operate Stormer 
at 600 r.p.m.) have been used successfully 
in the field. 


SELECTION OF THE PROPER Mup 


In selecting a mud for use in a well, it is 
first necessary to analyze the anticipated 
conditions such as: formation pressure, 


bottom-hole temperatures, surface temper- 
atures and the amount of oil and gas con- 
tamination of the mud. From these it is 
possible to set up the physical requirements 
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of the mud, such as: the weight required, 
the settling properties necessary to prevent 


‘excessive settling in the well when circu- 


lation is suspended, the maximum viscosity 
at which the mud can be pumped at surface 
temperatures (the maximum viscosity is 
obtained when the mud in the pump suc- 
tion pits is allowed to cool down to surface 
temperature while making a round trip of 
the drill pipe), and the higher viscosity and 
gel strength that should be maintained to 
minimize settling if contamination of the 
drilling fluid by oil and gas is anticipated. 
After the physical requirements have been 
determined, it is then possible to select the 
approximate composition of mud from the 
data on Figs. 1 to 6. The available materials 
should then be tested in a mud of this 
approximate composition to see whether 
the desired result has been obtained. 
Slight variations in the physical properties 
of the materials will produce large vari- 
ations in the properties of mud produced. 
In certain cases it may not be possible to 
produce a mud that will satisfy all of the 
desired requirements. 
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FaciLities NEEDED FOR HANDLING 

The facilities needed for handling oil- 
base mud at a well are much the same as 
those required for water-base mud. Addi- 
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tionally, it is advisable to provide storage 
facilities for mixed oil-base muds, stove oil 
and asphalt and to maintain a supply of 
these materials and also lampblack and 
weighting materials at the well at all times. 
In cases where oil-base mud is to be mixed 
at the well, adequate mixing and storage 
facilities will also be required. 

Where vibrating screens are used, it is 
necessary to make provisions for washing 
the screens with stove oil rather than with 
water. Drill-pipe wipers and sand-line 
wipers have been found advantageous to 
minimize waste and contamination of the 
mud and to promote cleanliness. Rubber 
deteriorates rapidly in oil-base muds, 
' therefore such parts as pump-valve inserts, 
pump pistons and drill-pipe protectors 
usually are made of oil-resistant rubber 
substitutes. Oil-base mud is an inflammable 
material and precautions should be taken 
to minimize fire hazard. 


DRILLING witH Ort-BASE Mup 


Normally oil-base muds require very 
little attention while they are in use in a 


well. The occasional small adjustments 
that are required can be effected by the 
addition of the proper materials. However, 
if any major adjustments are necessary, 
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care should be taken to preserve or re- 
establish the proper interrelationship be- 
tween the ingredients. 

Precautions should be taken to prevent 
the contamination of the mud with water 
or water-base mud. Small quantities of 
water or clay do not affect the physical 
properties, but when large quantities of 
water (+15 per cent) are present the 
quality of the mud is apt to be seriously 
impaired. 

When oil-base muds are subjected to 
temperatures above 200°F. for a period of 
4 or 5 hr. their physical properties are 
damaged. Neither the reason nor the cure 
for this condition is known. 

Oil-base muds have very little tendency 
to gas-cut; consequently it is permissible to 
maintain higher viscosities in the muds to 
minimize the chances of settling in the 
bottom of the well when circulation is 
suspended. 

Electrical logs have been successfully 
made in holes filled with oil-base mud by 
the use of special electrodes to contact the 
walls of the hole. The logs obtained were 
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satisfactory for correlative purposes, al- 
though at present insufficient data have 
been obtained to determine whether water 
sources can be located successfully. 

In most cases the drilling rates with oil- 
base muds are slightly slower than with 
water-base muds. 

Upon completion of a well the oil-base 
mud can be stored for re-use but special 
precautions should be taken to prevent any 
contamination. Usually very little recon- 
ditioning is required to prepare the mud 
for re-use in another well. At a storage or 
mixing plant it is quite easy to make large 
variations in the weights of the mud (from 
69 to 80 lb. per cubic foot or from 80 to 60 
lb. per cubic foot), by merely adding the 
ingredients necessary to produce the de- 
sired composition. 

The costs for drilling with oil-base muds 
are largely determined by the amount of 
care exercised in preventing waste and con- 
tamination of the mud. In general, the 
costs are higher than when drilling with 
water-base mud. 


DISCUSSION 

W. R. Ketiey,* Los Angeles, Calif.—The 
subject of oil-base muds has received some 
study from at least several operators. Mr. 
Hindry’s paper offers some very helpful data 
for anyone attempting its use. 

The author makes-a distinction between 
initial and final plastering properties of mud 
and names the ingredients that contribute to 
these properties. The mechanics of mud-cake 
formation may suggest these terms. However, 
I wonder if this can be explained further by 
saying that a distribution of particle sizes 
(shapes as well) helps to determine the mini- 
mum filter loss and cake thickness. The nature 
of the filter medium would determine require- 
ments for effective particle size. For example, a 
sand composed essentially of coarse grains 
would require presumably some of the larger 
and flaky oyster-shell particles to minimize 
the loss of other ingredients. 

I believe some graphic data on mud-cake 
thickness for given filter losses or percentage 
of mud solids by volume in the mud itself 
as well as in the mud cakes would suggest 
filter-loss requirements or limits. 


* Engineer, General Petroleum Corporation of 
California. 


Chapter II. Engineering Research 


Screening Effect of Gravel on Unconsolidated Sands 


By Ben GUMPERTz* 


(Los Angeles Meeting, October 1939) 


THE important factors in any study of 
the screening of sand with a gravel enve- 
lope, as applied to use in oil wells, are: (1) 
sand size and shape, (2) gravel size and 
shape, (3) ratio of gravel size to sand size, 
(4) flow velocity, (5) viscosity of the fluid. 

Perhaps the first extensive investigation 
of the function of gravel in screening sand 
was performed by Coberly and Wagner, 
from which the following conclusion was 
drawn: ‘‘The diameter of the largest grains 
in a single classified sand suitable for 
gravel packing is approximately 13 times 
the grain size at the ten-percentile analysis 
of the formation sample.” This applies 
to sands classified by Tyler screens and is 
for gravel grains of the maximum size 
that could be used to form a stable bridge. 
Field practice has shown that the screening 
effect of a given gravel for a given sand 
apparently varies with the flow velocity.” 
Also, it has been assumed by some opera- 
tors that the thickness of the walls of the 
gravel envelope surrounding the well has 
little effect upon the screening process. 
It is thought by others that a narrow 
envelope of gravel might form an ineffec- 
tive screen. Thus the purposes of this work 
are: 

1. To investigate the effect of gravel- 
sand size ratio upon screening action under 
the condition of varying flow velocities. 

2. To investigate the effect upon screen- 
ing action of varying the thickness of the 
gravel screen. 


Manuscript received at the office of the Institute 
Oct 24, 1939. Issued as T.P. r195 in PETROLEUM 
TECHNOLOGY, May 1940 

* University of California, Berkeley, California. 

1 References are at the end of the paper. 
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3. To investigate sand migration in the - 
gravel screen and the effect of flow velocity 
and gravel size upon sand migration. 


DESCRIPTION OF APPARATUS 


In an attempt to reproduce field condi- 
tions for the purposes of this investigation, 
a flow tube was constructed, according 
to the manner of Uren,* to represent a 
radial drainage segment of an oil sand. 

To arrive at the dimensions of the flow 
tube, a radial drainage segment of rectan- 
gular cross section was assumed to define 
an area of 2 sq. in. on the face of a well 6 in. 
in diameter. From this the dimensions of 
the segment were calculated out to a 
distance of 5 ft. from the face of the well. 
By computing cross-sectional areas at a 
number of sections along the rectangular 
segment and transforming these areas into 
the circular form, a drainage cone was 
obtained having everywhere the same 
cross-sectional area as the drainage ele- 
ment of rectangular cross section. 

To construct the apparatus, two sections 
of pipe of 75¢-in. inside diameter, one 
13 in. and the other 4 ft. long, were joined 
by a bolted flange. A mandrel having the 
dimensions of the drainage cone was 
centered in the pipe and a neat cement 
mixture was cast around it. A protective 
gasket was placed between the two sections 
of pipe so that the cement body could be 
separated at that point. When the mandrel 
was withdrawn a drainage cone was ob- 
tained (Fig. 1). 

A round slotted screen, which could be 
screwed up against the end of the drainage 
cone, held the gravel in place. 
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The purpose of the short section of the ungraded sand. In the gravel section this 
tube was to contain the gravel serving asa would have the effect of preventing migra- 
screening medium; the long section of the _ tion of the sand along the walls of the tube. 
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tube contained the sand representing the The tube was mounted on a pivot, so that 
producing formation. The gravel section it could be swung into the vertical position 
of the tube could be removed from the long for packing. Four pressure gauges were 
section, the gravel changed, and the gravel provided, one at each end of the tube 
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section replaced without the necessity of and two adjacent to the sand-gravel inter- 
changing the whole sand body. face (one on each side of it). 

The cement surface of the drainage cone Pressure was provided by a Rix two- 

was brushed with shellac and coated with stage compressor. Two pieces of 1o-in. 
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casing, each 4 ft. long and joined by a 
short length of 34-in. pipe, comprised the 
oil reservoir. The compressor, oil reservoir, 
and flow tube were connected in series 
(Fig. 2). 

Metal receptacles fitted with wire screens 
were provided to receive the oil and to 
separate from it any sand that might be 
produced. Other equipment consisted of 
thermometers and graduate cylinders, with 
a stop watch for measuring the rate of 
flow of the oil. 


EXPERIMENTAL PROCEDURE 


In packing the flow tube, the sand to be 
used was mixed with a predetermined 
amount of oil, the tube was raised to the 
vertical position on its pivots, and the sand 
tamped into the tube. The short section 
of the tube was then packed with gravel, 
the long section lowered into the horizontal 
position, and the two sections bolted 
together. 

Calibration of the tube (determination 
of the rate of flow for different pressures 
and choke sizes) was accomplished by 
leaving the choke size constant for a series 
of rate-of-flow measurements at different 
pressures. This procedure was repeated for 
a number of different choke sizes. 

The calibration was performed to enable 
measurement of the desired quantities at 
comparable flow velocities. However, in 
performing the actual experiments the 
flow velocities obtained did not always 
correspond with the calibration data. This 
was due perhaps to the fact that, in cali- 
brating the flow tube, sufficient time may 
not have been allowed between runs at 
different pressures, with the result that the 
pressure was changing along the length 
of the tube during the calibration runs. 
Lag in the pressure gauges and probable 
mechanical errors in them may account in 
part for this difference, although the gauges 
were calibrated frequently. It was also 
difficult to duplicate flow velocities in 
different runs because pressure control 


was delicate at the low pressures used in 
most of the runs. 

For making an experimental run, the 
oil reservoir was filled and compressed 
natural gas was admitted until the desired 
pressure was attained. The oil was then 
admitted to the flow tube, the adjustable 
choke having been previously set for a 
given rate of flow. The compressor was 


operated for the duration of the run, - 


compressed gas being supplied to the oil 
reservoir at a rate adjusted to keep the 
pressure as nearly constant as possible. 

The oil was allowed to flow for a meas- 
ured number of minutes from the tube 
through a fine screen into a receptacle. 
The screen held any sand that might be 
produced. The receptacles and the screens 
were changed at definite time intervals 
during one run, so that the time-rate of 
sand production might be observed. The 
quantity of oil in each receptacle was 
measured and the flow velocity of the oil 
for that time interval was computed at 
the face of the well. This procedure was 
repeated at different velocities, using 
separately two graded sands of different 
grain size, with graded gravels of four 
different sizes as the screening mediums. 

Although the driving force was derived 
from soluble natural gas under compression, 
the oil was essentially “dead,” the amount 
of gas going into solution being negligible. 
The oil was of 22° A.P.I. gravity and 
1.14 poises absolute viscosity. 

For the first series of runs the sand 
section of the tube was packed with 
Monterey Beach sand of 35 to 48 grain 
size to a porosity of 36.7 per cent. The 
gravel section was packed with 8 to ro-mesh 
gravel, and the sand production was ob- 
served at different flow velocities. The 
porosity of the gravel never varied more 
than o.1 per cent from 43.4 per cent. 

Observations were continued with the 
35 to 48 sand at different velocities, using 
separately two more gravels of 6 to 8 and 
4 to 6 grain size. The same procedure was 
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repeated with a 48 to 65 grain size white 
river sand packed to a porosity of 42.2 per 
cent. All grain sizes refer to Tyler Standard 
screens. 

The grains of the Monterey Beach sand 
varied in shape from oblong to those 
approaching roundness. The corners and 
edges were well rounded. The white river 
sand consisted almost entirely of quartz 
grains, subangular, fairly well rounded to 
well rounded. 

The grains of the 3 to 4 and 4 to 6 grain- 
size gravel were angular, with the corners 
and edges mostly well rounded. The grains 
of the 6 to 8 and 8 to to grain-size gravels 
were subangular, with mostly well rounded 
corners and edges. 

After each run the sand body was care- 
fully inspected at the interface and back 
into the tube for some distance. Before a 
new run was made the sand was cleaned 
out back into the tube until firm, undis- 
turbed sand was encountered. This part 
of the tube was then repacked with fresh 
sand. 

During each run the rate of oil produc- 
tion and the sand production were meas- 
ured at intervals of 5, 10, 15, 25, and 4o 
min. Flow velocities were computed for the 
periods of maximum rate of oil production, 
so that the velocities listed in Tables 2 
and 3 represent the maximum flow veloci- 
ties for each run. 

The gravels used as the screening 
mediums were each graded to a single 
classification. 


Sand Migration 


To investigate sand migration in the 
gravel screen under the conditions of the 
various tests described herein, the gravel 
section of the flow tube was divided into 
12 imaginary sections along the longi- 
tudinal axis of the tube, each 1 in. long. 
These imaginary sections were numbered 
consecutively from 1 to 12, beginning 
with the section adjacent to the sand-gravel 
interface. Beginning with the second 
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section, the contents of every third sec- 
tion (the second, fifth, eight, and eleventh) 
were removed from the tube, the sand was 
separated from the gravel and the weight 
of sand per unit volume of the section 
from which the sand came was computed. 


Effect of Length of Gravel Screen 


To determine the effect of the length 
of the gravel screen, a number of runs 
were made as before, except that the gravel 
section of the tube was packed with gravel 
to depths of ro in., 6 in., and 3 in. The longi- 
tudinal distribution of sand in the gravel was 
not measured for these runs. Another sand 
was prepared for this series of runs by mix- 
ing graded portions of the Monterey Beach 
sand and the white river sand. 


EXPERIMENTAL RESULTS 


Gravel-sand Size Ratio and Velocity Effect 


To establish a practical range of flow 
velocity, assume that a well of 6-in. 
diameter produces tooo bbl. of oil per 
day from a sand ro ft. thick. The velocity 
of the oil at the face of such a well would 
be approximately 4 X 1o~* ft. per sec., 
which is to be taken in this paper as the 
upper limit of the practical velocity 
range. 

To compute the ratio of gravel size to 
sand size, the method of Coberly and 
Wagner! was used, which means that the 
diameter of the gravel grains was taken 
as the width of the opening in the screen 
through which these grains passed, while 
the diameter of the sand grains was 


TABLE 1.—Gravel-sand Size Ratios 


Sand Grain Size 


Gravel 
Grain Size 
35-48 48-65 
8-10 Il 
6-8 II.3 16.0 
4-6 16.0 22.6 
3-4 22.6 
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taken as the width of the openings in the 
screen on which these grains were retained. 

Consider first runs 1 and 2 and runs 13 
and 14, Table 2. The sand used in runs 1 
and 2 was Monterey sand of 35 to 48 grain 
size; the ratio of gravel to sand size was 11. 
In those two runs the flow velocities were 
tremendously greater than those encoun- 
tered in actual practice, yet the gravel 
formed a very effective screen, allowing 
hardly a trace of sand to go through at 
these excessive velocities. 

The flow velocities in runs 13 and 14, 
while much lower than in runs 1 and 2, 


velocity, the gravel at a ratio of 16 ceased 
to form an effective screen. A further 
increase in velocity increased the produc- 
tion of sand through the gravel. Thus it 
is evident that at a gravel-sand size ratio 
of 16 the flow velocity that would limit 
the use of this gravel as a screening medium 
lies somewhere between 1.25 X 107° ft. 
per sec. and 4.0 X 107? ft. per sec., being 
probably close to the smaller value. Runs — 
3 and 4 also serve to demonstrate the fact 
that the gravel-sand size ratio of 16 is 
unsatisfactory outside of the practical 
range. 


TABLE 2.—Comparison of Gravel-sand Size Ratios, Flow Velocities and Screening Ability 
12-INCH GRAVEL Pack. Runs GroupeD ACCORDING To SIzE RATIOS 


Flow Velocity, 


Run Gravel | Sand Size,| Ratio Ft. per Sec. at Remarks 
Size, In. In. Well Face 
I 0.131 0.0116 Tire T3510 X 1079 Made only a trace of sand. Satisfactory screen. 
2 0.131 0.0116 T2203 II5.0 X 1073 Made hardly a trace. Good screen. 
13 0.093 0.0082 II.3 16.6 X 1073 Good screen. 
14 0.093 0.0082 ti.3 16.8 X 1073 Good screen. 
3 0.185 0.0116 16.0 6.1 X 1073 Gradual decrease in sand production but con- 
tinued to make a little sand. Unsatisfactory. 
4 0.185 0.0116- 16.0 321.0 X 1073 Poor screening action. 
7 0.131 0.0082 16.0 I.2 X 1073 Good screening action. 
9 0.131 0.0082 16.0 Tris 1074 Not a good screen. 
It 0.131 0.0082 16.0 t.2 26,007" Very good screen. 
12 0.131 0.0082 16.0 4.3 X 1078 Gradually bridged but continually made very 
small amount. Doubtful. 
5 0.263 0.0116 22.6 19.3 X 1078 Gradually bridged to form a good screen. 
6 0.263 0.0116 a2;6 105.0 X 1078 Unsatisfactory. 
15 0.185 0.0082 22.6 2.5 X 1078 Very poor screening action. 
16 0.185 0.0082 22.6 1.0 X 1073 Continually made small amount of sand. Unsatis- 


factory. At end of this run flow rate was doubled 
without stopping flow. Within a short time sand 
started to flow freely. 


still greatly exceeded the practical range. 
The sand used in these runs was white river 
sand of 48 to 65 grain size and the ratio again 
was 11. In both of these runs an effective 


Run 5 presents an anomaly that the 
writer cannot explain. With a gravel-sand 
size ratio of 22 an effective bridge evidently 
was formed at a velocity far out of the 


bridge was formed in a short period of 
time, after which no sand was produced. 
In runs 7, 11, 12 and 9 (in order of increas- 
ing flow velocity) the 48 to 65 white river 
sand was also used, the ratio being 16. 
The velocities for runs 7 and rz are close 
together and well within the practical 
range. In these two runs an effective screen 
was formed. However, when the flow 
velocity was increased to a point near the 
upper limit of the practical range of 


practical range. This is the only case of its 
kind encountered throughout the work. Yet 
run 5 gave every evidence of gradually 
forming a stable bridge and becoming an 
effective screen. 

In run 15, with a velocity at the well 
face of 2.5 X 107% ft. per sec., a large 
amount of sand was produced in the first 
4 min. of the run, after which the sand 
flowed freely through the gravel. The 
gravel-sand size ratio in this case was 22. 
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For the next run (16) at the same ratio, 
the flow velocity was reduced by more than 
one-half to 1.0 X 107 ft. per sec. In this 
run, although the value of the gravel to 


The character of the curves seems to 
bear no relation whatever to the gravel- 
sand size ratio or to flow velocities. In 
Fig. 3 the curve for run 7 falls above that 
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Fic. 3.—DISTkIBUTION OF SAND IN GRAVEL 
PACK. 

serve as a screen at this velocity is doubt- 
ful, only a small amount of sand was 
produced steadily, in contrast to the freely 
flowing sand of run 15. After producing a 
small amount of sand steadily for some 
minutes, when apparently there would be 
no further bridging action, the flow velocity 
again was doubled without stopping the 
run. Within a short period of time sand 
again started to flow freely. 

Thus the gravel with a size ratio of 11 to 
that of the sand is seen to operate success- 
fully as a screen over the entire velocity 
range, and considerably above it, while the 
gravel with a size ratio of 16 to that of the 
sand is seen to operate successfully as a 
screen only over the lower regions of the 
practical velocity range. 


Sand M igration in Gravel Screen 


The weight of sand per unit volume of 
the gravel section was measured along the 
length of the gravel section of the flow tube 
for each run to and including run 16. These 
measurements are represented graphically 
in Figs. 3 and 4. 
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of run 11. Though the velocity for run 7 
is very little below that for run 11, the 
curves are displaced by a comparatively 
large distance. Likewise, the curve for 
run 9 crosses the curves for runs 7 and 12, 
both having lower flow velocities than run 
9. The curves of Fig. 3 all represent runs 
with the same gravel-sand size ratio, at 
different velocities. 
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The curves of Fig. 4 represent runs at 
velocities of approximately the same 
magnitude but with different gravel-sand 
size ratios. Neither do they fall in any 
particular order, since the curve for run 5, 
the run having the highest flow velocity 
and the largest ratio of the three, falls 
between the other two curves. However, 
the curves do show that the bridging proc- 
ess is cumulative back into the gravel. 
They also show that in no case did bridging 
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not greatly affect the screening action of 
the gravel. 

Considering the 3-in. gravel pack with 
gravel-sand size ratio of 16 (Table 3), it 
can be seen that screening action was 
satisfactory at a velocity of 1.6 X 107° ft. 
per sec., while at a velocity of 4.0 X 107% 
ft. per sec. the screening action became of 
doubtful value. This action corresponds 
closely to that of the 12-in. gravel pack with - 
gravel-sand size ratio of 16. 


TABLE 3.—Comparing Results of Different Lengths of Gravel Packs 


Length of Flow Velocity, 
Run| Gravel Gravel Sand Ratio Ft. per Sec. Remarks 
Pack, In, | Size, In. | Size, In. at Well Face 

17 Bae) 0.185 ungraded 14.22 0.8 X 10-8 | Produced no sand. Good screening 
action. 

18 10 0.185 ungraded 14.22 2.2 X 1073 | Not a good screen. 

19 10 0.185 ungraded 14.22 3.6 X 1073 | Unsatisfactory. _ ‘ 

20 6 0.131 0.0082 16.0 0.6 X 1078 | Bridged in short time. Satisfactory screen. 

21 6 0.131 0.0082 16.0 2.3 X 1073 | Bridged to form satisfactory screen. 

22 6 0.131 0.0082 16.0 3.9 X 1073 | Continually made trace. Satisfactor 

23 6 0.131 0.0082 16.0 7.5 X 10-8 | Continually made small amount. Unsatis- 
factory. 

24 6 I31 0.0082 16.0 10.5 X 1078 | Unsatisfactory. 

25 6 131 ungraded 10.02 10.5 X 107% | Gradually bridged until very small amount 
of sand was being made. Doubtful. 

26 6 0.131 ungraded 10.04 3.5 X 1078 | Bridged in short time until making only 
very slight trace of sand. Satisfactory. 

27 6 0.263 ungraded | 20.04 12 X toe gan large amount of sand. Unsatis- 
actory 

28 3 0.131 0.0082 16.0 1.6 X 1073 | Made slight trace. Satisfactory. 

29 3 0.131 0.0082 16.0 4.0 X 1078 | Continually produced small amount. 
Unsatisfactory. 

30 3 0.3 0.0082 16.0 6.2 X 107-8 | Unsatisfactory. 

31 3 0,131 0.0082 16.0 0.8 X 107% | Satisfactory screen. 

32 3 0.131 ungraded 10.04 1.8 X 1078 | Bridged to produce no sand. Good screen. 

33 3 0.131 ungraded | 10.03 4.6 X 107% | Gradually bridged until a very small 
amount of sand was being produced. 
Doubtful. 


@ Ratio of size of gravel to sand size at 10 per cent point. 


begin at the sand-gravel interface to 
prevent sand from entering the gravel. 

Screening action in a gravel, then, 
appears to be due to the bridging of the 
larger grains of sand against the gravel, 
with cumulative bridging of the smaller 
grains of sand against the larger. It appears 
from this action that the necessary width 
of gravel to form an effective screen could 
be measured in terms of a few grains of the 
gravel, or it is that width just sufficient to 
start bridging action. 


Variation of Length of Gravel Pack 


Table 3 shows that for graded sands the 
length of the gravel pack above 3 in. does 


A gravel-sand size ratio of ro is the 
largest that will successfully screen the 
ungraded sand over the full range of practi- 
cal flow velocities. The sand. size in this 
case is taken as that at the ro per cent 
point of analysis, 0.013-in. dia. (Fig. 4). 
With a gravel-sand size ratio of 14 the 
screening action becomes doubtful at a 
flow velocity of 2.2 X 107% ft. per sec. 
This is with a 1o-in. gravel pack. Thus to 
cover the whole practical range of flow 
velocities, a gravel-sand size ratio of 10 
would be preferable for screening this sand, 
while for velocities below 0.8 X 107% ft. 
per sec. at the well face a gravel-sand size 
ratio of 14 would be satisfactory. 


DISCUSSION 


The limiting width of the walls of a 
gravel pack necessary to form a satis- 
factory screen, which within the practical 
range of velocity is below 3 in., was not 
reached in this work. However, the results 
of this particular series of tests would tend 
to confirm the previous assumption that 
the width of the pack need be only suffi- 
cient to start bridging action. 


CONCLUSIONS 


1. The largest grains of a gravel to 
be used for screening unconsolidated sand 
over the entire range of flow velocities 
should bear a diameter ratio of 11 to the 
diameter of the sand at the ro percentile 
analysis. For velocities below 1.0 X 107' ft. 
per sec. at the well face this ratio can be 
increased to 16. This in a large measure 
agrees with the theory and results of 
Coberly and Wagner.? 

2. The minimum width of the walls of 
a gravel pack, to give good screening 
action, seems to be that just sufficient 
to start bridging action. This width may 
be that of several grains of the gravel. 

3. In a gravel pack there is no relation 
between flow velocity and gravel-sand size 
ratio, and the distribution of sand in the 
pack. Some sand was found to migrate 
the length of the pack in all cases. 
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DISCUSSION 


C. J. Coperty,* Huntington Park, Calif— 
Mr. Gumpertz has added some valuable ma- 
terial on a subject that is of particular interest 
in unconsolidated sand areas of the Gulf Coast 
and California. 

The difficulty of getting the sand face in 
contact with the gravel without some initial 
cavity that has to be filled in after fluid flow 
starts suggests the advisability of filling the 
short section first, assembling the long section 
in place and then filling and tamping the sand 
over the gravel. This may be the reason for 
some inconsistencies in bridging, and particu- 
larly the migration of sand through the gravel. 
In tests made by Coberly and Wagner, no 
evidence was found of sand migration beyond 
two or three gravel grain diameters. Some varia- 
tions in results are to be expected in bridging 
tests, owing to the shape factor of both the sand 
and gravel grains. For this reason averages are 
desirable from a number of runs under the 
same conditions to permit accurate conclusions, 
particularly in regard to amount of sand that 
migrates into the gravel. Mr. Gumpertz’s third 
conclusion would be in some doubt because of 
lack of sufficient data to be certain of an average 
result. 


E. M. Wacner,} Huntington Park, Calif.— 
Some experimental inconsistencies were noted 
by Mr. Gumpertz. These might be explained by 
considering three items: method of packing the 
sand in the tube; mechanism of bridge forma- 
tion (bridging range); and effect of grain shape 
(also might be included in bridging range). 
The gravel and sand sections of the tube were 
packed and then put together. This is bound to 
cause some shifting of the sand at the interface, 
as the grains will not be stably interlocked at 
the first contact. As the pressure differential 
across the interface is changed by varying 
flow rates, the sand pack will shift, causing 
erratic results. 


* President, Kobe, Inc. 
+ Kobe, Inc. 
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Since bridging will or may occur over a range 
of conditions, a single test will not suffice as a 
basis on which to draw any general conclusions. 
Different types of bridging will alter the flow 
conditions.*:> The probability of repeating a 
given bridge is remote. Averages of a number of 
flow and bridging tests must be used to obtain 
representative results. 

The method of packing the sand also is impor- 
tant. Tamping the sand by vibrating has led to 
the most reproducible results. Hand tamping 
has not in general led to reproducibility. 

In conclusion 3, some mention of the effect of 
grain shape should be made. Similarity of grain 
shape is as important as flow velocity and 
gravel-sand size ratio in formulating any broad 
conclusions such as this. 

The graphs showing the distribution of sand 
in the gravel pack would be more useful if the 
amount of sand in the gravel were expressed as 
a percentage of the pore space of the gravel, or 
in some concrete units, as cubic inches per 
cubic inch, along with the porosity of the gravel 
pack, so that some idea of the relative amounts 
of sand and gravel could be obtained. 

In discussing the effect of velocity and bridg- 
ing, it might be pointed out that there are two 
extremes—a velocity of flow so low that no sand 
is carried regardless of bridging conditions, and 
a bridge so stable that no sand is carried regard- 
less of velocity. In the regions explored these 
conditions seem to be mixed. It would be inter- 
esting in interpreting the results to know what 
the two limits are for some of the sands and oil 
used. 

Mr. Gumpertz has made a considerable con- 
tribution in his investigation on the effect of 
fluid velocity on the stability of sand bridges 
on gravel beds. 

In all work on bridging of unconsolidated 
sands, there is need for a better definition of 
what may be considered “‘bridging.”’ The upper 
and lower limits of the bridging range need more 
specific definition than is now in common use. 
Lacking such definitions, it is difficult to com- 
pare results under different conditions. In any 
event, consideration must be given to the 
fact that bridging can occur over a considerable 
range and allowance must be made for this 


4R. L. Chenault: Experiments on Fluid Capacity 
and Plugging of Oil Well Screens. Amer. Petr. Inst. 
Drill, and Prod. Practice (1938) 292-306. 

5C, J. Coberly: Selection of Screen Openings for 
Unconsolidated Sands. Amer. Petr. Inst. Drill. and 
Prod. Practice (1937) 189, 


fact when interpreting results of experimental 
work. Some of the inconsistencies noted in 
experimental work can be explained if this is 
done. 

It is suggested that the definition of stability 
of bridging can be approached by making use of 
the statistical probability of bridging as related 
to sand size as a function of average size of the 
openings to be bridged. 

Because of the influence of grain shape and 
size distribution (even in a classified sand of one | 
screen size), it is doubtful whether there are 
enough elements of similarity present in sands 
and gravels of different sizes to make more than 
a rough comparison of the effects of single 
variables. All variables but the one being 
investigated must be held in correct dimensional 
relation to do so. Without such strict control, 
only broad trends may be defined. 

Mr. Gumpertz has investigated the effect 
of depth of gravel necessary to form a good 
screen. I do not believe that the function of 
screen formation is one of depth; rather, it is a 
surface effect. The only influence of depth is 
that there must be sufficient depth to take care 
of the chance occurrence of “cubical”? grain 
packing on the surface among the more stable 
“hexagonal” packing. There must be enough 
depth to ensure a ‘‘hexagonal”’ opening behind 
the “cubical”? opening, so that a bridge may 
form. The minimum depth of well-graded 
gravel of reasonably spherical grain shape is 
probably of the order of five grains. 

If screening is a depth function when gravel 
is selected according to the thirteen times rule, 
the selection of the gravel should be changed 
to make it a surface function and the definition 
of a stable bridging range changed to conform 
to the experimental facts. Otherwise the gravel 
bed will gradually fill with sand and finally 
reach a permeability that may be less than if the 
sand were directly against the liner. Stable 
bridging might be set at values that allowed 
continual production of small amounts of fines, 
which would be transported through the gravel 
bed and not be dropped out in the continual 
change of direction of flow through the bed. 
From the standpoint of the possibility of filling 
the gravel bed with fines, this bed should be as 
shallow as is consistent with safety. In pre- 
packed gravel liners, as shallow a bed as is safe 
is important also from the standpoint of “wash- 
ing” through the bed. 
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In selecting gravel to hold sand of a given 
size, it would appear that the maximum possi- 
ble opening between the grains would govern 
and not the average openings. If the maximum 
size is used, the data resulting are not as much 
restricted to the particular screen scale used, 
but are of more general nature. 

It is also important in the study of bridging 


to make use of some method of eliminating as 
many of the indeterminate variables as possible. 
It appears desirable to use spherical grains of 
some sort for primary investigations for formu- 
lation of general rules, and then to shift to 
sands and commercial gravels to reduce to 
commercial usefulness the rules and trends so 
discovered. 


Colloid Chemistry of Clay Drilling Fluids 


By A. G. Loomis,* Mrmsper A.I.M.E., T. F. Forp* anp J. F. Firpram* 


(Galveston Meeting, October 1939) 


It is only within the past 10 years that 
serious attempt appears to have been made 
to improve rotary drilling fluids by the 


application of the principles of colloid . 


chemistry, although the use of chemicals to 
control the rheological properties of clay 
slips has long been known in the ceramic 
industry. The main difficulty apparently 
lay in the lack of a complete analysis of all 
of the functions of a drilling fluid in the 
drilling of the well, together with the lack 
of adequate consideration of how colloid 
science could be applied to secure these 
ends, and particularly how apparent 
antithetical properties of the fluid could be 
compromised. Thus one analysis! of the 
many requirements of a drilling fluid 
proved conclusively that the viscosity 
should be low, in order that cuttings and 
entrained gas might be eliminated effi- 
ciently in the settling ditch, while the loss 
in carrying capacity accompanying low 
viscosity could be regained by increasing 
either the density of the mud or the upward 
velocity of the mud stream in the annular 
space of the well, and the danger of sticking 
of the drill stem due to rapid settling in case 
of enforced suspension of drilling operations 
could be eliminated by enhancing the 
thixotropic properties of the fluid. 

The desired properties of the drilling 
fluid having thus been established, it was a 
natural step to treat the fluid with vis- 
cosity-reducing chemicals, such as salts of 
weak organic acids!:*—for example, sodium 
tannate or gallate—and to adjust the pH to 


Manuscript received at the office of the Institute 
Oct. 13, 1939. Issued as T.P. 1201 in PETROLEUM 
TECHNOLOGY, May 1040. 

* Shell Development Co., Emeryville, California. 

1 References are at the end of the paper. 
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the alkaline side to such a degree of thixo-_ 
tropy as would give low viscosity and low 
yield point under the conditions of flow 
prevailing in the settling ditch, but rapid 
gelation and high yield point when 
quiescent in the annular space during shut- 
downs. In fact, flow in the settling ditch 
should be just short of turbulent while flow 
in the well, together with the flow of mud 
past the cuttings, is practically always 
turbulent. The use of chemicals other than 
those mentioned, such as Calgon (sodium 
hexametaphosphate) and certain other 
phosphates together with sodium tannate, 
has now become standard practice and it is 
the consensus that this method of treatment 
has proved to be an important step in the 
development of the art of drilling oil wells. 

It is safe to assume that the application 
of colloid chemical principles can also help 
in solving other outstanding problems of 
drilling fluids, such as the development of 
cheaper and more efficient viscosity re- 
ducers; the development of chemicals that 
do not lose their effectiveness in a short 
time during drilling operations; the finding 
of chemicals to preserve the plastering 
properties of muds when concentrated 
brines are encountered or in drilling through 
salt beds; improvement in the plastering 
properties of poor muds by further defloc- 
culation, and, conversely, the prevention of 
excessive deflocculation of certain marine 
shales sometimes encountered; the prepara- 
tion of muds suitable for the successful 
drilling of heaving shale formations; the 
finding of chemicals to treat the mud to 
prevent or to diminish lost circulation; the 
development of muds that will not impair 
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the producing zones; muds that will con- 
solidate loose formations and shut off water 
horizons without the use of casing; and, 
finally, muds to withstand the high 
temperatures to be encountered in the 
deep-drilling program of the future. 

It is the purpose of this paper to examine 
in as fundamental a manner as possible the 
colloid chemistry of clay suspensions as we 
know it today, with the hope that the 
mechanisms proposed will help to point the 
way to the solution of the problems just 
mentioned. Experiments described herein 
develop the view, which has also been 
suggested by Garrison,’ that viscosity- 
reducing chemicals are adsorbed on specific 
surfaces of clay particles and that they 
reduce the viscosity of suspensions by 
destroying the aggregation of the particles 
into structures. This view has been ex- 
tended with more detailed consideration of 
the chemical and electrical properties of the 
different crystal faces of clay particles to 
account for most of the phenomena en- 
countered with clay suspensions. 


VISCOSITY REDUCTION PRODUCED BY 
VARIOUS CHEMICALS 


Viscosity reduction produced by sodium 
silicate, sodium tannate, Calgon and 
sodium pyrophosphate is shown by the 
curves of Fig. 1. In Fig. 2 similar curves are 
given for a series of sodium polyphosphates 
of which the pyrophosphate is the first 
member. Sodium pyrophosphate is one of 
the most effective of the viscosity reducers.‘ 
The polyphosphates’ have the general 
formula’ Na,P,—2Ozn—s and probably differ 


‘only infthe length of the PO: chain 


according to the structure 
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Viscosities were measured at room tem- 
perature with the Stormer viscosimeter 
_ with suspensions that had been aged for 


several weeks. The clay was bentonitic, 
found near Frazier Mountain, California, 
and used in the Los Angeles area to make 
drilling mud. 


ie 
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Fic. 1.—REDUCTION OF VISCOSITY PRO- 
DUCED BY VARIOUS CHEMICALS. CURVES COR- 
RECTED FOR DILUTION. 


EVIDENCE FOR ADSORPTION OF 
VISCOSITY-REDUCING CHEMICALS 
IN THE CLAY-WATER INTERFACE 


The amount of sodium tetraphosphate 
required to reduce the viscosity of Frazier 
Mountain clay is greater per gram of clay 
for fine fractions than for coarse fractions 
as obtained in the De Laval and Sharples 
centrifuges. The analyses of these fractions 
are almost identical, which appears to 
eliminate any explanation based on differ- 
ences of chemical composition. For graded 
bentonite fractions also the amount of 
tetraphosphate required increases with 
decreasing particle size. This chemical, 
therefore, seems to have at least its initial 
effect on the outside surfaces of the 
particles, but apparently in time it may 
diffuse into the particles, since treated 
suspensions are observed to revert to their 
original viscosities after standing for 
several hours or days, especially if there is 
agitation. 

It is found that among the polyphos- 
phates the pyrophosphate, which has the 
lowest molecular weight, produces the least 
permanent effect, and that as the molecular 
weight increases to the decaphosphate there 
is a corresponding increase in the perma- 
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nence of the viscosity lowering, which 
suggests an increasing difficulty of diffusion 
into inner particle surfaces or increasing 
tenacity of adhesion to the external 
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must therefore cause gelation because of an 
ionic effect. 

The amounts of the polyphosphates re- 
quired to produce maximum reduction of 
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surfaces as the size of the adsorbed mole- 
cules is increased. 

These observations are of considerable 
interest in connection with the necessity for 
repeated chemical treatments of the mud as 
the well is being drilled. It is realized of 
course that addition of new mud-forming 
material, together with an increase in the 
fineness of the clay as a result of grinding by 
the bit and drill stem, are important factors 
in this process, but diffusion of the vis- 
cosity-reducing chemical into the clay 
particles is also important and further 
study of the entire problem is necessary 
to evaluate its component parts properly. 

A more direct proof that viscosity-reduc- 
ing chemicals are adsorbed on clay par- 
ticles, and that ordinary salts are not 
adsorbed in accordance with the thesis of 
this paper, is afforded by analysis of the 
supernatent liquors obtained by centrifug- 
ing muds treated with sodium tetraphos- 
phate and sodium chloride. Sufficient 
tetraphosphate was used to cause maximum 
lowering of viscosity and sufficient salt to 
cause maximum gelation. It was found that 
the tetraphosphate is adsorbed quickly 
while the salt is not adsorbed; the latter 


viscosity when added as ro per cent solu- 
tions to 120 grams of suspension containing 
14 grams of clay, as calculated from Fig. 2, 
are, approximately: 


For PREPARED BY FUSING Mo ts 
NasP207 0.00021 
NasP30O10 NaaP2O07 + % NacPsOis 0.00019 
NasP«Ois NasP207 + 3g NasPsOis 0.00018 
NasP7022 NasPOs + NasPcOis 0.00020 
NaPsOes Na«P207 + NasPsOis 0.00018 


The figures suggest that these compounds 
are oriented in an interface, and that they 
produce equal effects per molecule because 
they cover equal areas per molecule. 

The amount of tannic acid required to 
produce the maximum reduction of viscos- 
ity in 120 grams of suspension containing 
7 grams of clay as calculated from Fig 1 
is 0.002 times the formula weight of tan- 
nic acid, CeH70,{ (COCsH2(OH) 20COC,;H2- 
(OH)s3]s, and the cross-sectional area of this 
molecule is probably about 160 sq. A., or 
five times 32 sq. A., the approximate area 
of one digalloyl group. The amount of 
pyrophosphate required for the same 
suspension is 0.00009 mol, and the cross- 
sectional area of this molecule is probably 
about 25 sq. A. The total monomolecular 
film areas as calculated from these figures 
are: for the tannate, 20 X 102° sq. A. and 
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for the pyrophosphate, 15 X 102° sq. A. 
Evidently these chemicals are adsorbed on 
the same surfaces. 

In these experiments Baker’s c.p. sodium 
pyrophosphate was used. Samples of 
sodium tetraphosphate were prepared in 
the laboratory by fusing pyrophosphate 
and hexametaphosphate (Calgon) and by 
fusing orthophosphate and hexametaphos- 
phate as described by Mellor.® The triphos- 
phate, heptaphosphate and octaphosphate 
were prepared as indicated in the foregoing 
_ table. Mixtures of pyrophosphates and 
hexametaphosphates in the proportions 
fused to make these polyphosphates did not 
have the same reducing effect on the 
viscosity but were more active on a weight 
basis. 


EFFECT OF CHEMICAL TREATMENT ON 
RHEOLOGICAL PROPERTIES OF 
CLay GELS 


Thixotropy.—The most distinctive prop- 
erty of clay suspensions is their thixotropy, 
which is defined® as an isothermal reversible 
sol-gel transformation. This definition does 
not specify the time for the transformation 
nor the relative change in the gel strength 
but from a practical standpoint it is essen- 
tial that the change occur at a moderate 
rate, measured in the order of minutes, and 
that the gel strength vary within certain 
limits, low enough on the one hand to 
permit easy flow and high enough on the 

other to suspend cuttings and weighting 
material when quiescent. The gel strength 
is the minimum stress necessary just to 
start flow at any given time. Gel strength is 
therefore synonymous with yield point, 
which is related to the apparent viscosity or 
mobility in the sense that the mobility 
curve when extrapolated intersects the 
stress axis at the positive value that corre- 
sponds to the yield point. 

The advantages and disadvantages of 
thixotropy in drilling muds have been dis- 
cussed by many authors and summarized 
by Evans and Reid.” With the thought in 


mind that thixotropy is related to the rate 
at which gel structure is built up as well as 
to the absolute magnitude of the gel 
strength, it is apparent that the thixotropic 
properties of the mud must have an effect 
on the types of flow at various points 
within the rotary circulation system and 
hence are of direct concern in pumping 
problems; and together with the gel 
strength must have an important bearing 
on the rate of release of cuttings and 
entrained gas, on the retention of weighting 
material and cuttings in the hole during 
either forced or purposeful shutdown of the 
circulating pumps; in problems of lost 
circulation; in magnifying the mechanical 
problems when drilling heaving shale; and 
in running long strings of casing and 
Schlumberger cables; while the rate of 
structure formation is perhaps more 
important than absolute strength in the 
wall-building process and in the degree of 
penetration of permeable sands. 

That most clay suspensions when undis- 
turbed tend to develop considerable 
mechanical strength, presumably due to 
some sort of structural aggregation of the 
particles, and that they lose this mechani- 
cal strength immediately on chemical 
treatment, is shown by the curves of Fig. 3. 
In these experiments the suspension was 
confined in an annular space between an 
outer, stationary, cylinder and an inner one 
suspended by a torsion wire. The head of 
the torsion wire was rotated at a constant 
speed of only one revolution per hour and 
the shearing stress just necessary to move 
the rotor was taken as a measure of the 
mechanical strength, or gel strength. Simi- 
lar data are reported by Garrison.’ 

After chemical treatment and in the 
absence of salt the apparent viscosity of a 
mud usually is found to be relatively 
independent of the shearing stress as shown 
by the curves of Fig. 4 for Frazier Mountain 
clay. Moreover, the relationship between 
viscosity and concentration for treated 
suspensions is in fact often described fairly 


go 


well by the Einstein equation 7/no 
1 + 2.5y for spherical particles. These facts 
show that structural viscosity is destroyed 
by chemical treatment, and they also 
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Fic. 3.—RELATION OF GEL STRENGTH TO 
TIME OF SETTING, AND EFFECT OF TETRAPHOS- 
PHATE. 


suggest that greater viscosity reduction 
than is obtainable with polyphosphates 
probably is not to be expected except 
perhaps for dialyzed clays. 
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often by a distinct rebound when driving 
forces are removed. Chemical treatment 
destroys this elasticity, as shown by the 
inserted curves of Fig. 5: after addition of 
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sodium tetraphosphate there is no longer 
any observable initial increase in resistance 
to deformation with deformation, but 
instead the apparent viscosity drops rapidly 
to a low value. In untreated or salt-treated 
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Fic. 5.—CHANGES IN APPARENT VISCOSITY WITH DEFORMATION FOR VARIOUSLY TREATED 
SUSPENSIONS. 


Elasticity—The gels of clay suspensions 
containing salt or to which viscosity-reduc- 
ing chemicals have not been added are 
elastic. This is shown for such suspensions 
by a rapidly rising resistance to deforma- 
tion as deformation increases, at the begin- 
ning of Stérmer viscosity measurements, 
illustrated by the curves of Fig. 5, and also 


suspensions, structural breakdown follows 
deformation beyond the initial elastic 
range. At the shearing stresses used, break- 
down is followed by a secondary increase in 
resistance, suggesting secondary structural 
resistances: at higher shearing stresses the 
breakdown may be much more complete, 
as indicated by the dotted curves. The 
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lower apparent viscosity of the salt-treated 
suspensions at all stages of deformation and 
the marked drop in viscosity on continued 
deformation is in agreement with the pre- 
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same time the elastic elongation tends to 
decrease. This might be called stiffening 
and indicates a slow building up of colloidal 
structure. The structure that is built up is 
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sumption that salt produces ionic forces 
between particles,a point to be developed in 
detail in this paper, since such forces should 
help to promote streamlining under the 
influence of the shearing motion. Chemicals 
such as sodium tetraphosphate destroy 
structure, but they are not used in amounts 
sufficient to produce marked ionic effects. 
Abrupt increases in resistance to deforma- 
tion occur in time with untreated or treated 
suspensions, as illustrated by the inserted 
curves of Fig. 5 for treated suspensions at 
low shearing stresses. This is probably 
attributable to multiplication of particles, 
which tends to occur spontaneously but is 
accelerated by the shearing motion. 
Gel Strength —Gel strength was measured 
with a modified MacMichael type of 
instrument, as has been described. The 
curves of Fig. 6, in which results for three 
clays are summarized, were obtained with 
this instrument. At least for Frazier 
Mountain clay the gel strength increases 
with time of set whether or not the suspen- 
sion has been chemically treated; at the 


distinctly weaker for chemically treated 
suspensions. The tensile, mechanical, or gel 
strength is probably largely the result of 
edge to edge contact and is destroyed by 
chemical treatment, as will be discussed 
later in detail. The remaining gel strength 
measures the force necessary to move the 
particles out of potential troughs and the 
remaining elongation is a measure of 
the depth of such troughs. The 'tensile 
strength and power to stretch have entire- 
ly disappeared as a result of chemical treat- 
ment. This was shown also by the curves of 
Fig. 5. 


EFFECT OF CHEMICAL TREATMENT ON 
RATE OF GEL FORMATION AND ON 
GEL STRENGTH 


Viscosity-reducing chemicals greatly re- 
duce the viscosity and yield point, or gel 
strength of muds, but apparently do not 
significantly change the initial gelling rate 
of completely de-gelled muds. Although 
measurement of initial gelling rate is 
obviously subject to large experimental 
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errors, the data of Table 1 suggest that this 
property passes through a maximum with 
increasing salt concentration. These data 
certainly show distinct maxima in the 
absolute gel strengths with addition of 
sodium or calcium chlorides, whether or not 
viscosity-reducing chemicals are also pres- 
ent. Apparently viscosity reducers destroy 
only the portion of the absolute gel strength 
in any mud that is attributable to adhesion 
between particles, and the gel strength 
attributable to intermicellar forces arising 
from ionic clouds may at the same time be 
increased by adding salt. Thus while 
viscosity-reducing chemicals destroy both 
elasticity and gel strength an equivalent 
degree of gel strength, which may differ in 
its mechanism but not necessarily in its 
utility, may be regained in a treated mud 
by adding salt. The possibilities in simul- 
taneous variations of salt and viscosity 
reducers do not appear to have been 
exploited. 


CRYSTAL STRUCTURE 


Chemically, clays are hydrated alumi- 
num silicates, most of which may be classi- 
fied as either kaolins, AlpO3:2SiO."2H.O, or 
montmorillonites, AlxO3-4SiO2;H:O. These 
formulas represent ideal analyses of the 
acid or amphoteric clays. Both the kaolins 
and the montmorillonites (or bentonites) 
are composed of superimposed layers of 
aluminum and silicon bound together 
through oxygen bridges.® The structures of 
the kaolin and montmorillonite unit sheets 
have been given by Hofmann, Endell and 
Wilm’ and reproduced by Reed."! Many 
of these unit sheets may be combined in 
individual clay particles. The possibility of 
water penetrating between the sheets in 
montmorillonite has been mentioned by 
Hauser and Reed! and theoretically it 
could cause their complete separation.1® 

That clay particles, like the unit sheets of 
which they are composed, are themselves 
plates can be directly observed in some 
cases, or inferred from streaming in polar- 


ized light, or from the nature of the 
twinkling in the ultramicroscope. 


Nature of Forces Producing Structure in 
Clay Suspensions 


Various mechanisms have been advanced 
to explain the thixotropy of clays. Lewis, 
Squires and Thompson“ emphasize the 
platelike character of the particles and 


suggest that overlapping will build up large 


and long agglomerates. A persistent objec- 
tion to this idea is that gelation occurs in 
suspensions so dilute that contact is im- 
possible,!? but gelation at this dilution is 
observed only on the addition of salt; at 
higher concentrations at which gels are 
formed without salt, continuous contact 
between particles is possible. Salmang’® has 
postulated immobilization in microscopi- 
cally thick hulls of bound water, but 
calculations based on the sorption capacity 
for exchangeable ions'* and on heats of 
sorption!” lead to the conclusion that the 
thickness of the solvation mantle cannot 
exceed 25 to 40 AS and Hauser and Reed"? 
observe a marked decrease in the setting 
time of bentonite suspensions with tem- 
perature, which they regard as inconsistent 
with the bound-water theory as solvation 
is generally considered to decrease with 
temperature. Another view due to Freund- 
lich§ and Hamaker’® is that the particles in 
thixotropic clay suspensions are held at 
equilibrium distances such that forces of 
repulsion due to interpenetration of the 
diffuse ionic clouds are just balanced by 
forces of attraction that are assumed to be 
the London-van der Waals forces.®:18.19 
Langmuir” substitutes for long range van 
der Waals forces the Coulomb attraction 
between the micelles and the oppositely 
charged ions in solution. 

The theories of Freundlich, Hamaker, and 
Langmuir apply to uniformly charged 
particles, but variations of exchange 
capacity with SiO2-R2O; ratio,”! orientation 
in an electric field?? and the high electrical 
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conductivity of masses deposited on the 
anode membrane in electrodialysis as 
opposed to the low conductivity of non- 
oriented thixotropic systems,” all suggest 
that positive as well as negative areas are 
to be found on clay particles. The crystal 
structures of clays! show that the planar 
and transverse surfaces of particles should 
differ radically. Since all transverse surfaces 
must be formed by breaking the lattice, 
they should expose both aluminum atoms 
with unsaturated valences or unsaturated 
aluminum-oxygen groups that normally 
react with water to form hydroxides, and 
unsaturated oxygen atoms attached to 
silicon that normally react with water to 
form silicic acid. Over the planar silica 
surfaces secondary valence forces will 
induce acid hydrolysis of adsorbed water, 
and over planar alumina surfaces (as are 
found in kaolin) the reverse may be ex- 
pected. Thus, in the same particle, both 
positive and negative reactive areas, points 
or edges are available. 

The electrostatically negative planar 
surfaces of clay will be balanced by clouds 
of H*, Na* or other positive ions; the 
electrostatically positive planar surfaces 
will be balanced by clouds of negative ions. 
Between like surfaces, according to the 
analysis of Freundlich, Hamaker, and 
Langmuir, there is mutual attraction 
balanced by kinetic repulsion, so that very 
high equilibrium distances of separation are 
possible. However, between different kinds 
of broken bonds on the transverse surfaces 
or at the edges or corners of the particles, or 
between edges and planar surfaces of the 
opposite charge, or between dissimilar 
_ planar surfaces actual contact which may 
be regarded as chemical reaction should be 
expected. Structures in untreated clay 
suspensions are attributable, then, to the 
combined effects of attraction between 
dissimilar surface edges or corners, and to 
repulsion or large equilibrium distances of 
separation which occur primarily between 
like planar surfaces. 


The clay particle may be considered a 
colloid-molecule, and symbolized by the 
formulas: 
for montmorillonite (bentonite): 


+ 
H*0YSi0 AU ‘OH™ 


4 


or for kaolin: 


+ 
H'0 {810 AU/“0H” 
Kaolin and Bentonite 


In suspensions of hydrogen bentonite 
elimination of water between particles may 
occur as indicated by the equation 


+ Dat 
APES e ‘OH - Hs / ea n/a, Ces Hi0. 
sh of + 

Since the particles are never of regular 
shape, less ideal configurations result, 
which permit structures in three dimen- 
sions. In hydrogen bentonite, however, the 
planar ionic clouds are so feeble that there 
is little or no mutual repulsion, and con- 
sequently there is no thixotropic structure. 
The equilibrium distance between particles 
is so small that dense aggregates are 
formed. Experimentally it is found that 
well dialyzed bentonites swell only to a 
limited extent in water.*4 Similarly, some 
clays low in alkaline salts, such as are found 
in wet climates, will not form thixotropic 
suspensions unless small amounts of elect ro- 
lytes are added. These electrolytes pre- 
sumably effect replacement of hydrogen 
ions by metallic ions, with a resulting 
increase in the concentration of the inter- 
planar ionic clouds, so that a certain 
amount of mutual repulsion between 
particles is obtained. 

For kaolin the condensation between the 
edges of particles should be analogous to 
that for bentonite, but the structures 
formed should tend to be more compact 
because of the dissimilar nature of the faces: 
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The resultant differences in the average 
particle size of these clays as found may be 
enormous, as can be observed microscopi- 
cally or inferred from wide differences in 
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TRATIONS OF CLAY. 


settling rates. These differences in particle 
size are sufficient to account for the wide 
differences between the properties of sus- 
pensions of kaolin and bentonite. 


PLATING ACTION OF VISCOSITY-REDUCING 
CHEMICALS 


Experiments have been described which 
indicate that viscosity reduction by small 
amounts of large negative ions is a surface 
effect. Presumably these ions react with the 
exposed aluminum atoms on the broken 
transverse surfaces. Considering only 
bentonite and representing the viscosity- 
reducing chemical by Na@, the reaction can 
be symbolized thus: 


# + + 
Wt [L700 20,0» 24* [Nas + NaOH 
Tae 7 
The contact structure has been destroyed 
and unipolar particles produced. 


GELLING ACTION OF SALTS 


The amounts of specific viscosity-reduc- 
ing chemicals required for maximum effect 
with Frazier Mountain clay are propor- 
tional to the amounts of clay, but the 
amounts of salt required to produce gela- 
tion are proportional to the amounts of 


water (Figs. 7 and 8). They are in agree- 
ment with the ideas that viscosity-reducing ) 
chemicals plate certain surfaces of clay 
particles and that salts affect the ionic 
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Fic. 8.—AMOUNTS OF SALT REQUIRED FOR 
GELATION AT DIFFERENT CONCENTRATIONS OF 
CLAY. 


atmospheres between the planar surfaces, 
or between all surfaces, first increasing 
and then decreasing the effective ionic 
attraction. 

At low or moderate concentrations salts 
raise the yield point of a suspension, and 
presumably this is because the forces 
required to move the particles out of their 
oriented positions increase; for the same 
reason they raise the apparent viscosity; 
and they tend to raise the initial gelling 
rate, as measured by the increase in yield 
point with time, because the increased 
forces between the particles raise the speed 
with which they seek their equilibrium 
positions. At higher concentrations of salts, 
at which the ionic atmospheres tend to be 
suppressed, these effects are reversed: the 
yield point, the apparent viscosity, the 
initial gelling rate, and the final gel strength 
being all progressively lowered, so that 
these properties tend to go through a 
maximum with increasing salt concentra- 
tion. Viscosity-reducing chemicals, on the 
other hand, are added in small amounts and 
perform the single function of preventing 
adhesion between particles. They do not 
appreciably affect the ionic atmospheres 
and consequently the initial gelling rate is 
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not changed by their use. They greatly 
reduce the gel strength and _ viscosity 
attributable to structural contact between 


On adding sodium hydroxide to a neutral 
suspension, the first effect is to induce the 


particles but, as has been shown by Table r 


acidic hydrolysis of alumina and then to 
affect the ionic clouds in the same way as 


TABLE 1.—Effects of Viscosity-reducing Chemicals and Salts on the Gel Strengths and 
Initial Gelling Rates of Clay Suspensions 
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these effects can be nullified and reduced 
progressively to zero by adding salt. 

The data for Table 1 were determined 
with the Stérmer viscosimeter. The load 
just necessary to start rotation was taken 
as the yield point, and the increase in yield 
point in the first five minutes after thorough 
stirring is taken as a measure of the initial 
gelling rate. In similar experiments it has 
been noted that the effects of adding 
combinations of calcium chloride and 
sodium pyrophosphate are not greatly 
affected by the order of addition, showing 

that the reaction is not primarily one 
between calcium and pyrophosphate ions 
in solution. 


ErFrects oF ALKALIES 


For the montmorillonite particle the 
possible reactions of hydrolysis are: 


Sr “°L—A7° if 
isolation 00 Aon 
TN aa 


In accordance with these formulas two 
minima in viscosity or yield-point curves 
_ are observed with increasing pH.**." 


Hof —A7on 


salts. This dual action is well illustrated by 
the curves of Fig. 7. Since the effect of 
sodium hydroxide in inducing acidic 
hydrolysis of alumina is a mass-action 
effect, the viscosity reduction obtained is 
comparatively low because gelation is 
simultaneously produced. 

The sodium silicates, Naz0-3.3Si02, 
Na,O-2SiO2, and Na2,O-SiOz, are decreas- 
ingly effective as viscosity reducers in the 
order listed, probably because the series 
represents transition from the plating effect 
of a large negative ion or colloidal micelle 
to the mass-action effect of sodium hy- 
droxide. Similar results with silicates are 
obtained in treating pottery slips. 


BounpD WATER 


Hauser and LeBeau*® have reported 
apparent densities of bentonite in water, 
which increase with concentration and 
with decreasing particle size, and they 
conclude that these changes represent 
adsorption of water in progressively thicker 
hulls. These facts suggest, however, that no 
water is bound to single particles, especially 
since at low concentrations apparent 
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densities are found which are equal to, or 
even less than, the dry density of bentonite. 
An alternative conclusion is that water is 
compressed between particles rather than 
on them, or in aggregates, so that the 
observed increased apparent density may 
be attributed to the primary valence forces 
or to the interplanar attractive forces that 
tend to draw the particles together. It is, 
therefore, not necessary to assume that the 
attractive forces arise from the bound 
water. Houwink?’ points out that com- 
pressed water films need not impart 
rigidity, as Salmang!® assumes, in view of 
van Laar’s observation that the viscosity of 
such films between glass plates does not 
necessarily deviate from that of water in its 
ordinary state. 


GEOMETRIC CALCULATIONS 


Reference has been made to the fact that 
gelation is observed in bentonite suspen- 
sions so dilute that contact is impossible. 
Hauser and Reed” report traces of struc- 
ture at concentrations as low as 0.05 per 
cent and they calculate that at o.1 per cent 
the theory of Lewis, Squires and Thomp- 
son! must assume ratios of length and 
breadth to thickness of the individual 
particles of the order of 1000-2000: 1. The 
particles used had an average equivalent 
spherical diameter of 180 A., and for such 
particles the highest possible ratio of length 
and breadth to thickness is 58:1 if the 
thickness is that of a unit sheet, or 9.2 A. 
Continuous contact is thus impossible; 
consequently Hauser and Reed observe 
structure at this dilution only in the 
presence of a strong electrolyte such as 
potassium chloride. 

In the absence of added salt the lowest 
concentrations at which gelation has been 
observed are 1.4 per cent for particles 
having an average equivalent spherical 
diameter of 140 A.!2 and 1.5 per cent for 
particles having an average equivalent 
spherical diameter of 300 A.2° At these 


concentrations ratios of length and breadth 
to thickness of 58:1 will permit edge to 
edge contact to form loose structures. Thus 
the lowest concentration at which structure 
is obtained, unless by salt gelation, agrees 
satisfactorily with that permitted by the 
geometry of the system. 


SUMMARY AND CONCLUSIONS 


The outstanding problems in the further — 


development of rotary drilling fluids are 
considered in the light of the colloid 
chemistry of clay suspensions as we know it 
today. 

Mechanisms of the effect of various 
chemicals now in general use to control the 
rheological properties of drilling muds are 
proposed with the hope that they may 
point the way to the successful solution of 
some of these unsolved drilling problems. 

It is shown that viscosity-reducing 
chemicals are adsorbed on specific surfaces 
of the clay particles and that they reduce 
the viscosity of suspensions by destroying 
the portion of the absolute gel strength that 
is attributable to adhesion between par- 
ticles. On the other hand, salts are not 
adsorbed but cause gelation and coagula- 
tion because of induced changes in the 
interparticle ionic atmospheres. 

Results of a comparison of the viscosity- 
reducing effects of the polyphosphates with 
other standard viscosity reducers show that 
sodium pyrophosphate is one of the most 
effective. However, it is found that among 
the polyphosphates the pyrophosphate, 
which has the lowest molecular weight, 
produces the least permanent effect and 
that as the molecular weight increases to 
the decaphosphate there is a corresponding 
increase in the permanence of the viscosity 
lowering. This behavior suggests diffusion 
into inner particle surfaces, the rate of 
which decreases as the size of the adsorbed 
molecules is increased. 

Proof is given that the tannate and 


pyrophosphate ions are adsorbed on the 
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same surfaces of the clay particles and that 
the polyphosphates produce equal vis- 
cosity-lowering effects per molecule because 
they cover equal areas per molecule. 

The application of thixotropy and gel 
strength to drilling problems is discussed in 
detail and it is shown that while both 
elasticity and mechanical strength of clay 
gels are destroyed as a result of chemical 
treatment, the initial gelling rate of muds 
in the completely de-gelled condition is not 
significantly changed. An equivalent degree 
of gel strength, which may differ in its 
mechanism but not in its utility, may be 
regained in a treated mud by adding salt. 

On the basis of the detailed structure of 
clays as revealed by X-ray analysis, 
chemical formulas are written for colloidal 
clay particles and utilized to explain most 
of the phenomena shown by clay suspen- 
sions. Finally, it is shown that the assump- 
tion of edge to edge contact to form 
structures in clay colloidal systems is in 
accordance with the experimental facts. 
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‘pletely treated muds. 


DISCUSSION 


By G. H. Fancuer,* Austin, Texas.—Dr. 
Loomis’ work should prove particularly helpful 
to those who are confronted with similar prob- 
lems on the Gulf Coast. 

Dr. Loomis has provided a theory of the 
mechanism of chemical-treatment of drilling 
fluids through the applications of principles of 
colloidal chemistry. The theory is confirmed by 
experimental evidence. As one consequence, the 
initial effects of many chemicals must be 
ascribed to adsorption or a loose chemical 
combination at the surfaces of the colloidal 
micelle. These particular results were con- 
firmed experimentally through the use of 
phosphates. Secondary effects evidenced by 
increase in viscosity were thought to be due to 
migration of adsorbed ions into the lattice of 
the colloidal micelle. 

This is particularly interesting to us because 
Gulf Coast mud engineers are familiar with the 
fact that chemically treated muds frequently 
revert and behave as only partly and incom- 
Additional evidence 
would seem to be necessary to confirm this, 
because a possible explanation could be a 
reduction in particle size occurring after treat- 
ment. An increase in surface would result with 
the resulting increase in viscosity and attendant 
effects. Dr. Loomis’ data regarding the rela- 
tion of particle size and other factors are par- 
ticularly interesting but would be more signif- 
icant if the particle size had been determined 
after chemical treatment and eventual rise in 
viscosity as well as before chemical treatment. 

The problem of the transitory nature of the 
effects obtainable by chemical treatment of 
drilling fluids is exceedingly important in the 
field and an adequate explanation of mecha- 
nism resulting in a remedy would be welcome 
and practical. Considering again Dr. Loomis’ 
data regarding this effect, there is another 
possible explanation. The chemicals used were 
complex phosphates in various stages of de- 
hydration. The more complex and nearly 
dehydrated products were shown to be more 
effective. Since these products are easily made 
in the laboratory by partial dehydration, would 
it not be possible for these products to revert to 
simpler form after adsorption on the colloidal 
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particle by addition of water? Is information 
available regarding the stability of these com- 
pounds, rate of reaction and the equilibria 
involved? 

Other problems encountered in the field are 
overtreatment of mud and the treatment of 
cement-cut mud with bicarbonates. Concerning 
both, perhaps the mechanism of chemical 
treatment proposed by Dr. Loomis can be 
extended to provide a satisfactory explanation. 
It would seem clear that in either case, however, 
the effects must be more ionic in nature than 
concerned with adsorption. 

Overtreatment of mud and deterioration of 
chemically treated muds regardless of mecha- 
nism (although here Dr. Loomis’ mechanism 
is particularly significant) emphasize the 
necessity in the field for careful use of chem- 
icals. Exactly the amount required to obtain 
the desired effect (usually the maximum 
possible) as regards viscosity reduction, no 
more and no less, should be used in all cases. 
Field practice could be improved considerably 
in this respect with greater satisfaction and 
significant reduction in costs resulting. 

While in general we can agree that the effect 
of the various dehydrated phosphates is as 
presented, perhaps the nature of the mud has 
something to do with the effect. Gulf Coast mud 
engineers are all familiar with the fact that 
pyrophosphates, for example, may be effective 
in treating a given mud for reduction of vis- 
cosity and quite ineffective with another mud. 
Also, we know of situations in the field in which 
acid phosphate proved to be more effective 
for reduction of viscosity than pyrophosphate, 
which, as I understand Dr. Loomis, is contrary 
to the theory postulated. So perhaps the 
nature of the mud may be as significant as the 
type of chemical used. 

For the past two years a research program in 
drilling fluids has been followed in the Petro- 
leum Engineering Department of The Univer- 
sity of Texas. We can confirm from our own 
investigations the results reported by Dr. 
Loomis regarding the effects of time of setting, 
the development of structure and gel strength. 
In this connection, we should not lose sight 
of the fact that most Gulf Coast muds possess 
more than adequate gel strength. Gel strength 
of mud should be sufficient only to prevent the 
setting of cuttings, and of course, weighting 
materials, if these are used. Settling can occur 


to an appreciable extent only when adequate 
circulation is interrupted. Furthermore, settling 
of cuttings is serious only when the drill pipe 
is in the hole at such times or when a survey 
or test is being made. Less gel strength is 
required at greater rates of circulation and at 
lower rates of penetration. Excessive gel 
strength may cause more trouble than good. 

Interesting questions arise suggesting at 
least some additional research. Of these I 
consider the most important one to be: What 
is the ultimate effect of a deflocculating agent? 
Understanding of the mechanism involved 
should speed the answer. 


A. G. Loomis (author’s reply).—Dr. Fancher 
has raised some very interesting and practical 
questions and we shall try to show that the 
present theory adequately answers most of 
them. We agree a priori that more work is 
necessary; in fact, a satisfactory theory should 
suggest new experiments and point out the 
phases of the general subject that should be 
most fruitful for investigation to explain un- 
solved problems. 

Referring to Dr. Fancher’s discussion of the 
reversion of viscosity in chemically treated 
muds, we assume that chemical treatment 
shifts the equilibrium ; 


(clay particles), = (clay particles 


to the right and keeps it there by virtue of the 
imposed negative charge; that is, by producing 
unipolar particles. The treating chemical does 
this by attaching itself to the surfaces for which 
it has specific affinities or attractions. In our 
paper we suggest that reversion of viscosity on 
aging may be due to diffusion (or migration) 
of treating agent into the lattice of the particle. 
In this manner some of the “plated” outside 
surfaces would become uncovered and so again” 
capable of attaching themselves to other sur- 
faces, as they were attached before treatment. 
This diffusion of ions into inner particle sur- 
faces might be expected to promote splitting 
of particles along the cleavage planes between 
crystal sheets, perhaps with complete separa- 
tion of sheets. Thus, as Dr. Fancher suggests, 
and as we also point out on page 88, a reduction 
in the average particle size might be a second- 
ary effect of the loss of treating agent. 

In the ideal case by this process the indi- 
vidual particles would be reduced in thickness 
but not in area. For the sum of the particles 


DISCUSSION * 99 


there would be no change in the total area of 
transverse surface (across the crystal lattice), 
but a large change in the total area of planar 
surfaces, and a large change in the total length 
of edges. If the amount of chemical required for 
reduction of viscosity were found to be in- 
versely proportional to the average particle 
size when particle size was reduced by inter- 
laminar cleavage alone, it could be concluded 
that the chemical is adsorbed on the planar 
surfaces, or edges, or perhaps on planar surfaces 
and edges; on the other hand, if such a pro- 
portionality were not found, the conclusions 
would be that the chemical is adsorbed on the 
transverse surfaces. We are now checking this 
point in the laboratory by rheological and 
_ centrifugal measurements on treated and un- 
treated bentonite of graded particle sizes. 

Dr. Fancher suggests that the transitory 
nature of the effects obtainable with the poly- 
phosphates may be due to degradation of the 
chemicals after adsorption. Presumably he 
refers to the theoretical possibility of converting 
any of these compounds to orthophosphates by 
adding water. However, the polyphosphate 
that is most transitory in its effects, pyro- 
phosphate, is also the most stable in water 
solution. Mellor?® states that alkali pyrophos- 
phates are unchanged either by standing a long 
time or by boiling in water. The tetraphosphate, 
NagP4Oi3, on the other hand, is slowly trans- 
formed into orthophosphate (Mellor, zbid., 
991). Nevertheless, the viscosity-reducing effect 
of tetraphosphate is more permanent than the 
effect of the more stable pyrophosphate. 

Evidence that the compounds do not revert 
rapidly in water to their original components 
is that the compounds are less effective as 
viscosity reducers, on a weight basis, than 
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mixtures of the components, such as pyro- 
phosphates and hexametaphosphates, which 
may have been fused together in their prepa- 
ration (cf. p. 89). Degradation of the poly- 
phosphates to simple forms, therefore, does not 
seem to us to be a major factor in explaining 
the transitory nature of the effects noted. 

As Dr. Fancher suggests, the mechanism 
proposed adequately explains overtreatment, 
which is purely an ionic effect, and entirely 
analogous to the effect of adding salts to the 
mud, as suggested on page 95. In cement-cut 
mud, in addition to the ionic effect, there would 
be a competition between Ca** and the clay 
particle for the phosphate or tannate ion, hence 
such mud would treat only partially and the 
Cat* should be initially removed with CO37. 

It is pointed out that the nature of the mud 
has something to do with effective treating. 
We quite agree and have recognized this point 
in giving data for three different clays in 
Fig. 6, and the fact-is implicit in our discussion 
of the effects of salts. In line with this, we do 
not agree that the occasional greater effective- 
ness of acid phosphate over pyrophosphate for 
some muds is contrary to the theory, for such 
phenomena appear to be essentially ionic. In 
muds that are too alkaline, the chemical treat- 
ing agent cannot add to the particles at all, 
since the hydrolysis over alumina surface is 
suppressed, and’so the specific effect of the 
treating agent is lost. In such cases the vis- 
cosity would be relatively high and would 
remain high on treatment with a polyphosphate. 
Acid phosphate, however, should neutralize the 
alkalinity and precipitate calcium ion, thus 
eliminating the gelling effects of excess alkali 
and of bivalent calcium ion, with a consequent 


- lowering of the viscosity. Following this treat- 


ment, pyrophosphate would be expected to 
further lower the viscosity. 


A Preliminary Report on the Application of the Mass 
Spectrometer to Problems in the Petroleum Industry 


By Hersert Hoover, Jr.,* MemBer A.I.M.E., AND Harotp WASHBURNT 


(New York Meeting, February 1940) 


THis paper is in the nature of a rough 
preliminary report on the progress that has 
been made in the application of the mass 
spectrometer to various problems arising 
in the petroleum industry. A few years ago 
the authors considered a number of the 
problems that were arising in the qualitative 
and quantitative measurement of small 
amounts of hydrocarbons. The methods 
available of making analyses by chemical 
techniques appeared to leave much room for 
improvement. Without going into the 
reasons at this point, attention was turned 
to the possibility of employing physical 
instead of chemical methods of accomplish- 
ing the desired results. 

A preliminary investigation disclosed 
that the mass spectrometer presented a 
possibility of solving many problems which 
could not easily be accomplished by other 
methods. Work was begun in developing 
the necessary apparatus and technique. A 
great deal of encouragement and many 
valuable suggestions were received from 
Dr. Robert A. Millikan, Dr. W. R. Smythe, 
and Dr. W. N. Lacey, of the California 
Institute of Technology, and from Dr. E. 
O. Lawrence, who recently received the 
Nobel Prize, of the University of California. 
The authors particularly wish to acknowl- 
edge the very great willingness of these out- 
standing scientists to be helpful in solving 
many of the problems that were involved. 

So far as the authors are aware, this 
was the first application of the mass 


Manuscript received at the office of the Institute 
Feb. 13, 1940; revised April 6, 1940. Issued as T.P. 
1205 in PETROLEUM TECHNOLOGY, May 1940. 

* President, United Geophysical Co., Pasadena, 
California. 

+ Director of Research, United Geophysical Co. 


spectrometer to commercial work. The. 


results were considerably better than had 
at first been anticipated. Briefly, it is pos- 
sible to run a qualitative and quantitative 
analysis of an unknown mixture of hydro- 
carbon gases, with an accuracy of better 
than plus or minus 5 per cent of each of the 
various constituents. An exceedingly high 
degree of sensitivity has been obtained, and 
a relatively short time is required to com- 
plete an analysis. Furthermore, it is un- 
necessary to separate a mixture of gases 
into its various components in order to 
complete the analysis. 


Tue Mass SPECTROMETER 


The mass spectrometer should not be 
confused in any way with the optical o1 
grating type of spectrograph now in general 
use. The operation of the mass spectrom- 
eter is entirely different in principle and 
bears practically no resemblance to the 
optical or grating instruments. 

The original conception and develop- 
ment of the mass spectrometer dates from 
and is generally credited to Aston, of 
Cambridge, England. An early accomplish- 
ment of his research, about 20 years ago, 
was the discovery that the inert gas neon 
was actually a mixture of two kinds of 
atoms, one of the atomic weight 20 and 
the other of atomic weight 22. These two 
components occurred mixed in such pro- 
portion as to yield the usual atomic weight 
of 20.2. 

The study was continued and most of the 
elements were shown to be mixtures of 
components whose atomic weights can, to 
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a close approximation, be expressed as 
whole numbers. These components that 
form an element are known as isotopes. 
The research also showed that the masses 
of the isotopes differed slightly from whole 
numbers. This difference is due to the way 
in which the neutrons and protons are 
bound, and when expressed as a fraction 
of the atomic weight is called the “ pack- 
ing fraction.” The mass spectrometer was 
able to determine these packing fractions. 

The mass spectrometer has also been used 
in the study of ionization potentials of pure 
gases, such as ethane. Other studies have 
aided in the determination of the ages of 
rocks by measuring the presence of a lead 
isotope that occurs in a pure form as a 
result of the disintegration of uranium. 
Because of the complexity of the apparatus, 
and the purely scientific aspects of the 
results, the work was confined for the most 


part to educational and pure science 


institutions. 

As a.result of the work to be described 
here, however, the mass spectrometer 
technique has been extended, and now it 
finds a new and practical use in the chemi- 
cal analysis of unknown gas and vapor 
mixtures. The previous work had been 
confined almost entirely to the study of the 
molecular structure and physical behavior 
of known gases. Relatively pure samples 
of known gas had been used and so far as 
the authors are aware there has been no 


‘prior attempt to make quantitative meas- 


urements of the amounts of two or more 
unknown gases in a mixture. 

Several types of mass spectrometers have 
been developed, each type being adapted 
to certain special uses. For simplicity, 
only one type will be described here. 

This spectrometer is shown diagram- 
matically in Fig. 1. It consists of the 
ionization chamber a, the analyzer tube 
b, the collector c, and the amplifier d. 
The ionization chamber, analyzer tube and 
collector are enclosed in an air-tight con- 


tainer, which is kept under a high vacuum. 


Ior 


This container is placed in a uniform 
magnetic field, preferably supplied by a 
large electromagnet. The gas to be analyzed 
is introduced into the ionization chamber 
through a capillary leak or gas inlet. 
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we VACUUM PUMP 
Fic. 1.—DIAGRAM OF SPECTROMETER. 

Magnetic field perpendicular to plane of paper. 

In the ionization chamber, the gases are 
bombarded by low-voltage electrons emit- 
ted by a filament. This bombardment 
ionizes the molecules and thereby they 
become positive ions. As a result of their 
positive charge the ions are accelerated 
toward the slit e, which is kept at a small 
negative potential with respect to the rest 
of the ionization chamber. After passing 
through e, the ions are further accelerated 
toward slit f, which is kept at a large 
negative potential with respect to slit e. 
This potential is usually of the order of a 
thousand or more volts. The ions thus pass 
through slit f at a high velocity. The path 
they take, however, is not straight, but 
curved, owing to the action of the mag- 
netic field. The radius of curvature of the 
path for a given accelerating voltage de- 
pends upon the ratio of the charge on the 
ion to its mass or atomic weight. Hence the 
ions of a given mass or atomic weight will 
follow one curved path while those of a 
heavier mass or atomic weight will follow 
another curved path of greater radius. By 
proper adjustment either of the magnetic 
field or of the accelerating voltage, or of 
both, ions of any desired mass can be made 
to follow a predetermined radius of curva- 
ture and thus to pass through the exit slit g. 
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Only the ions passing through this slit can 
strike the collector c, where their quantity 
is measured by a suitable vacuum-tube 
amplifier and galvanometer or recorder. 


SPECTROMETER MEASUREMENTS 


Thus the quantity of ions present of any 
particular mass can be measured by prop- 
erly adjusting the magnetic or electric fields 
of the spectrometer and measuring the 
deflection on the galvanometer. To com- 
plete the analysis it is then necessary to 
determine the relation between these 
spectrometer measurements and the amount 
of gases or vapors present in the mixture 
being analyzed. The method of making this 
final step has been developed in our labora- 
tory, and a general description is given 
here. 

Experiment shows that if the ionizing 
voltage is raised above a certain critical 
point, each gas or vapor can be made to 
produce ions of several different masses. 
The number of ions of each mass produced 
depends on the type and quantity of gas 
or vapor and on the voltage of the ionizing 
electrons. In other words, each gas or vapor 
has an ionization or cracking pattern, 
which is a function of the ionization volt- 
age. From a knowledge of these cracking 
patterns and their variation with ionization 
voltage, together with a knowledge of 
isotope ratios and packing fractions of the 
ions recorded, the quantities of the various 
gases and vapors present in the unknown 
sample can be determined. However, it is 
usually unnecessary to take all these factors 
into account in an analysis. 

We have made a large number of analyses 
with the mass spectrometer and have found 
that for certain problems it possesses many 
advantages, some of which are outlined 
below. First, it is an instrument of exceed- 
ingly high sensitivity. A sample of gas as 
small as one-tenth of a cubic millimeter at 
atmospheric pressure and room tempera- 
ture can be measured. This is smaller in 
volume than the head of an ordinary pin. 


If this gas, for example, were ethane ob- 
tained from a pint of soil, the quantity 
would correspond to only about o.2 of one 
part per billion by weight. The sensitivity 
can be increased tenfold or one hundredfold 
if desirable, without undue complications. 

Second, and more important, the mass 
spectrometer distinguishes with relative 
ease between similar hydrocarbons in a 
mixture, even though the sample is ex- 
tremely small. It distinguishes, for example, 
between ethane (C2H¢) and methane (CH,), 
or between ethane (C2H.) and ethylene 
(C2H4) even though the methane or ethyl- 
ene is 20,000 times as abundant as the 
ethane. This feature is very important in 
soil gas analysis for petroleum-prospecting 
purposes. In a small sample containing 
ethane, propane, and butane in addition 
to carbon dioxide, nitrogen, oxygen and 
water vapor, the amounts of ethane, pro- 
pane and butane in the sample can be 
readily determined. This ability to analyze 
for gases mixed with other gases greatly 
simplifies the chemical process necessary in 
preparing the sample. 

The quantitative analysis of mixtures of 
gases that are still more similar, such as 
normal butane and isobutane, can be made 
just as readily. This resolving power is 
remarkable when it is considered that these 
gases are isomers, having the same number 
of carbon and hydrogen atoms per mole- 
cule. The only difference between these 
gases lies in the internal arrangement of the 
atoms within the molecule. 

In Fig. 2 are shown the separate cracking 
patterns for n-butane and isobutane. Equal 
quantities of the two gases were used in 
order to make the patterns comparable 
with each other, and the same ionizing 
potential was used in both instances. Each 
of these gases cracks in a characteristic way 
when bombarded by electrons under pre- 
determined conditions. 

The carbon-hydrogen content of some of 
the components produced by cracking, to- 
gether with the relative masses of such 
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components, are shown on the horizontal tive mass spectra. The vertical scale is an 
scales of the spectra of Fig. 2. Vertical arbitrary one. 

heights of the areas above the respective — Fig. 2 reveals that the mass spectra of 
components represent the relative amounts n-butane and isobutane are sufficiently 
of such components present in the respec- different to make it possible to distinguish 
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Fic. 2.—BUTANE CRACKING PATTERNS. 
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either of the gases from the other by inspec- 
tion of the mass spectrum of the gas in 
question. When a mixture of these two 
gases is analyzed by a mass spectrometer 
the concentrations of each may be deter- 
mined from the mass spectrum of the 
mixture. 

The technique by which a quantitative 
analysis is made of a mixture of these two 
gases involves in this case the solution of 
two simultaneous equations based on the 
heights of the observed peaks and their 
ratios to each other. In actual practice the 
results may be obtained by direct methods, 
without having to go through the detailed 
calculations each time. A rapid qualitative 
and quantitative analysis of these or similar 
gases may be applied with considerable 
value in refinery operation and control. 

Accurate and detailed physical analyses 
such as those outlined above can be made 
with considerable rapidity. Instead of a 
galvanometer indicating the quantity of 
ions of any one type, an automatic record- 
ing device may be used, which will give a 
record of the intensity of the ion beams of 
all mass units from, say, one to two hun- 
dred. Such a record may be produced in a 
few minutes. The actual recording can be 
done in approximately 5 min., while the 
pump-down time to clean up the apparatus 
requires an additional 5 to 10 min., before 
the next sample can be run. 

The time necessary for analysis of a 
record depends on the number of con- 
stituents whose quantities are to be deter- 
mined. When the quantities of three or four 
gases only are to be determined, we have 
found that less than five minutes is required 
for computation. In Fig. 3 is shown the 
pattern obtained from a mixture of equal 
parts of ethane, propane and n-butane. An 
experienced technician can tell at a glance 
approximately the quantities of gases in 
the samples. The computation can also be 
made automatically or semi-automatically 
if desired. 


A spectrometer with several exit slits, 
each slit so placed that it passes only the 
ions of a single mass, has many practical 
advantages. With such a spectrometer the 
intensities of several ions having different 
masses can be simultaneously and con- 
tinuously indicated and recorded. With 
such an instrument, a continuous record of 
certain constituents of a variable gas mix- 


ture can be obtained. This type of analysis | 


is useful in refinery control. The output of 
such a spectrometer may be made to con- 
trol automatically the process being moni- 
tored, according to the chemical composition 
of the output. Automatic control of re- 
cycling operations is only one of many 
possible applications. 

The mass spectrometer now in use for 
general and analytical work is not adapted 
to portable operation because of its size 
and weight, and the nature of the accessory 
equipment that must be used with it. It is 
a relatively complicated and expensive 
piece of apparatus, and requires highly 
trained and technically competent per- 
sonnel to achieve reliable results. The de- 
velopment and design of a suitable 
instrument is not a matter to be under- 
taken lightly. For instance, the vacuum 
pumps must be capable of continuously 
keeping the pressure at 1o-§ mm. Hg or 
below, and gauges must be provided for 
accurately measuring these pressures. In 
order to obtain satisfactory resolution up to 
mass 200, the magnet structure and associ- 
ated power supplies weigh several tons. 
The voltages of the power supplies must be 
held constant to within a fraction of one 
per cent. The amplifying and recording 
system must have a sensitivity of approxi- 
mately 1o-!* amperes if the full capabilities 
of the system are to be realized. 

It is possible to design equipment to 
meet specialized problems, such as those 
presented in refinery practice, which would 
be semiportable and considerably simpler 
in operation. These advantages would be 
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gained, however, at the expense of sensi- 
tivity, and resolution at high mass numbers. 

Although not the subject of this paper, 
some extremely interesting and significant 
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and still heavier members, together with 
some of their isomers. 

It has been the purpose of the authors in 
presenting this paper to outline briefly an 
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Fic. 3.—CRACKING PATTERNS. 
3 cu. mm. ethane, 3 cu. mm. propane, 3 cu. mm. n-butane. 


observations have been made upon the dis- 
tribution and quantities of various hydro- 
carbon and other gases in soil samples, 
drilling-mud samples, and borehole cores. 
A routine technique has been developed 
for qualitative and quantitative determi- 
nation of the paraffin series, including 
methane, ethane, propane, butane, pentane, 


analytical technique by which very small 
quantities of hydrocarbon gases can be 
measured. No discussion of the geologi- 
cal significance of this work has been 
included. This aspect of the work is 
being carried forward actively on a purely 
experimental basis and will be reported 
upon later. 
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Steady Flow of Gas-oil-water Mixtures through 
Unconsolidated Sands 


By M. C. Lreveretr* anp W. B. Lewrs* 


(New York Meeting, February 1940) 


THE dynamic behavior of a multiple 
fluid system is completely describable in 
terms of driving forces and resistances to 
flow. The latter are proportional to the vis- 
cosity of the fluid under consideration and 
inversely proportional to a property of the 
system termed the “effective permeability” 
to that fluid, a property therefore defined 
by this relation. 

Since three phases are usually present 
in oil reservoirs, it is essential to know the 
effective permeabilities to the several fluid 
phases, and the relationship between the 
composition of the fluid in the pore space 
and that of the flowing stream, in order to 
handle satisfactorily certain problems of oil 
production. In this regard, there are many 
unknown factors and parameters, and 
many that can be evaluated only indi- 
rectly. However, it is expected that work 
along lines similar to this present under- 
taking will help materially in solving 
these problems. 

Previous workers in this field have inves- 
tigated the two-phase systems, water-gas,! 
water-oil? in unconsolidated sands, and 
water-gas* in consolidated sands. The ex- 
tension of the study of the flow of hetero- 
geneous fluid systems from two to three 
phases involved only slight changes in 
technique. The apparatus used in the 
present work, except for slight changes to 
be described, was that used by Leverett in 
his water-oil experiments.? Correlation and 
interpretation of data were made by 
methods analogous to those used in two- 


Manuscript received at the office of the Institute 
Jan. 30, 1940. Issued as T.P. 1206 in PETROLEUM 
TECHNOLOGY, May I940. | 

* Humble Oil and Refining Co., Houston, Texas. 


1 References are at the end of the paper. 


107 


phase work. The relative permeability to a 
phase—the effective permeability divided 
by the permeability of the system to a 
homogeneous fluid—was employed through- 
out in correlating the rate of flow of that 
phase with the composition of the pore 
space. 

Quantitative measurements of two inde- 
pendent physical properties of the system 
were required to determine the composition 
of the pore space. As in the two-phase 
work, the fraction of water was determined 
electrically. The gas fraction was deter- 
mined by measuring changes in volume 
accompanying measured pressure changes. 
Suitable account was taken of the solubility 
of the gas in the liquid phases, and of the 
vapor pressure of the water phase. Since 
this work was exploratory in nature, no 
attempt was made to obtain highly accu- 
rate numerical results. Reasonable precision 
and reproducibility were sought. 


EXPERIMENTAL PROCEDURE 


Variables Considered —Of the properties 
of the fluids, the oil viscosity is most likely 
in practice to vary widely. Variations in oil 
viscosity were therefore included in this 
work, but variations in other properties of 
the fluids are as yet unexplored. It appears 
unlikely that the normally encountered 
variations will produce significant changes. 
The observations were made at fairly high 
pressure gradients, no attempt being made 
to detect a variation of the relative perme- 
abilities with pressure gradient. It should be 
pointed out also that since most of the data 
were taken on one sand size only, it can 
only be assumed at present that changes in 


108 STEADY FLOW OF GAS-OIL-WATER MIXTURES THROUGH UNCONSOLIDATED SANDS 


sand size would produce no fundamental 
change in the correlation. This has been 
found substantially true for two-phase 
flow in unconsolidated sands, although 


—+— From water top 


| Liquid Pressure 
Regulator 


— 
To drain 


the cell and the pressure drop across the 
cell were measured. 

The effluent fluids went through a sepa- 
rator that permitted collection of the liquid 


Stotic 
Monometer 


Differential 
Manometer 


Fic. 1—DIAGRAM OF APPARATUS FOR THREE-PHASE FLOW STUDY. 


Botset® has shown that consolidated sands 
exhibit properties considerably different 
from those of unconsolidated sands. The 
differences are quantitative rather than 
qualitative, however, so that the conclu- 
sions drawn from the present work are 
probably qualitatively applicable to con- 
solidated sands. 

/ pparatus—The heart of the apparatus 
consisted of a catalin cell described in 
Leverett’s paper.” This held the tightly 
packed sand and was equipped with two 
perforated rings for pressure measurements 
and five additional, equally spaced ring- 
electrodes for resistivity measurements. 
The cell was connected to various appur- 
tenances, which served either to supply 
fluid to the cell or measure fluid from it, or 
to measure quantities relating to the 
physical state existing in the cell. The 
nature and function of these are apparent 
from Fig. 1. Attention might be called to 
the liquid reservoirs, made by setting ordi- 
nary 5-gal. bottles in cement in gasoline 
drums. These proved satisfactory at pres- 
sures below so lb. and furnished relatively 
inexpensive “‘glass-lined” containers. 

By joining a static manometer to the dif- 
ferential manometer, both the pressure in 


saturation relation established 


phases in a graduated container. The gas 
was passed through a wet test meter or 


collected in a eudiometer, depending on the ~ 


flow rate. 

Experimental Methods——Since the con- 
ductometric method of determining the 
water content of the experimental sand 
system has been described adequately,}.? 
the details will be omitted. Experiments 
showed that the presence of a third phase 
produced no deviation from the resistance- 
in two- 
phase studies. 

The amount of gas in the cell was deter- 
mined from pressure-volume measurements. 
In all runs, the pressure and pressure dif- 
ferential were measured during flow and 
after flow was stopped. Both cocks on the 
cell were closed simultaneously in order 
that the initial shut-in pressure be as near 
to the flow pressure as possible. If the 
shut-in pressure was sufficiently high, the 
top cock of the cell was opened, and the 
system was allowed to expand to atmos- 
pheric pressure. The increase in volume 
was measured. If the initial pressure was 
low, water was admitted, compressing the 
gas to a sufficiently high pressure. Expan- 
sion was then permitted. 
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Knowing the total pore volume, the 
amount of water in the sand (from the 
resistivity measurements), the solubility 
constants of the gas in the two liquid 
phases, and the vapor pressure of the 
aqueous phase—since the vapor pressure 
of the nonaqueous phase was negligible— 
these measurements permitted a direct 
calculation of the gas content. The formulas 
used were rigorously derived from 
the assumptions: 

1. The free gas 
gas law. 

2. The amount of dissolved gas is pro- 
portional to its pressure. 

3. Phase equilibrium exists at all times. 


obeys the perfect 


TABLE 1.—Properties of Fluids Used 


Kero- 
Water : 
Kero- | sene- | Nitro- 
Property a) sene | motor] gen 
a Oile 
Specific gravity....... I.O1 0.800] 0.85 
Viscosity (77°F.), cp...|0.90 1.67 |18.2 0.018 
Solubility of nitrogen®.|o.0152| 0.120] 0.087 
Surface tension of oil, 
dynes percm....... 27.8 |30.0 
Interfacial tension, oil- 
water, dynes per 
Gis weysaciesd) stasis ts 31.2 |20.0 


@ 55 per cent motor oil (S.A.E. No. 50), 45 per cent 
kerosene, by volume. : 

6 Cubic centimeters nitrogen at 77°F. and 1 atm. 
per c.c. liquid per atm. (at 1 atm. and 77°F.). 

The physical properties of the fluids used 
are listed in Table 1. The solubility of 
nitrogen in water was taken from the Inter- 
national Critical Tables. Its solubility in 
each of the oils was measured. 

Experimental Technique-—In making a 
series of runs, the cell was first packed with 
a weighed quantity of dry, screened sand. 
The system was flushed with carbon diox- 
ide, then with water so that the pore space 
would be filled with water. The perme- 
ability to water was then measured. The 
porosity was computed from the known 
volume of sand in the cell of known dimen- 
sions. Packings with several sands were 
made in the course of this work. The values 
_of the porosities, permeabilities, and prop- 
erties of the sands are given in Table 2. 
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TABLE 2.—Properties of Sands Used 


. . Permea- : 
Runs No, | Were Sie. | “pitity, - | Porosity, 
ates : Darcys er Cent 
I-20 I00—200 7.0 44 
21-27 I00—200 6.0 42 
28-31 100-200 50) 41 
32-34 80-100 16.2 42 
35-106 I00—200 5.4 AI 


A run consisted in permitting gas, oil, 
and water to flow through the cell until 
equilibrium was considered to have been 
reached, as evidenced by constancy of flow 
rates of the three fluids in the efflux, 
steadiness of static and differential pres- 
sures, and uniformity of resistance of the 
six sections of the cell. Then expansion 
measurements were made as previously 
described. 


EXPERIMENTAL RESULTS 


Table 3 summarizes all of the experi- 
mental work. Each run presents three sets 
of data: the composition of the pore space, 
the composition of the stream, and the 
relative permeabilities to the three phases. 
The nomenclature used is as follows: 
K’, relative permeability to given phase, the 

ratio (as per cent or fraction) of the effec- 
tive permeability to that phase to the 
homogeneous fluid permeability of the sand. 
R, fraction or percentage of given component 
in effluent from sand. 
S, saturation of given component, fraction or 
percentage of total pore space. 


yu, viscosity of given component, centipoises. 
Subscripts: o, oil; w, water; g, gas. 


Fig. 2 shows the first of the sets; each 
point locates the run on the composition 
diagram, which shows at a glance the region 
of ‘explored compositions.” 

To present the second set of data in a 
method analogous to the R-S curves of the 
two-phase investigations—curves where the 
fraction of one component in the stream 
was plotted against the fraction of that 
component in the pore space—would 
involve contours on a triangular diagram, 
connecting points of the same fraction of 
water in the flowing stream, and similar 
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TABLE 3.—Experimental Results 


Saturations Relative Permeabilities Stream Compositions Preceure 
pe fe yee Remarks 
oO. AP Mm. 
is Cs Sw RIS Ne Reda Rilo A RG Ro Rw ~ 

6 | 0.157 | 0.411 | 0.432 0.0001/0.124 | 0.046 |0.059 |0.553 0.388 48 6 
7 | 0.158 | 0.419 | 0.423 0.0010/0.085 | 0.025 |0.418 |0.372 0.210 72 a 
8 | 0.216 | 0.360 | 0.424 0.0047/0.072 | 0.019 |0.800 |0.133 0.067 85 

IO | 0.306 | 0.279 | 0.415 0.042 |0.036 | 0.022 |0.981 |0.009 0.010 92 

Ir | 0.158 | 0.504 | 0.338 0.0013/0.122 | 0.006 |0.466 [0.490 0.044 49 s 
I2 | 0.127 | 0.547 | 0.326 0.0005/0.198 | 0.007 |0.185 |0.761 0.054 4I @ 
I3 | 0.236 | 0.456 | 0.308 0.02I |0.107 | 0.005 |0.942 |0.053 0.005 81 

I4 | 0.274 | 0.425 | 0.301 0.058 |0.075 | 0.004 |0.984 |0.014 0.002 68 a 
16 | 0.210 | 0.234 | 0.556 0.0009/0.013 | 0.141 |0.230 |0.037 0.733 54 . 
17 | 0.265 | 0.259 | 0.476 0.028 |0.009 | 0.067 |0.952 |0.003 0.045 65 @ 
18 | 0.337 | 0.263 | 0.400 0.043 |0.005 | 0.031 |0.984 |0.001 0.015 71 a 
I9 | 0.238 | 0.199 | 0.563 0.0021/0.006 | 0.139 |0.415 |0.013 0.572 60 a 
20 | 0.226 | 0.192 | 0.582 0.0008/0.003 | 0.153 |0.207 |0.007 0.786 102 

2I | 0.041 | 0.014 | 0.945 to) (0) 0.760 |O ° I.000 27 s 
22 | 0.004 | 0.148 | 0.848 oO 0.026 | 0.824 |o 0.016 0.984 13 cd 
24 | 0.073 | 0.226 | 0.701 0.0006/0.013 | 0.271 |0.099 |0.022 0.879 36 @ 
25 | 0.064 | 0.397 | 0.539 0.0003/0.082 | 0.081 |0.005 |0.315 0.590 54 a 
26 | 0.073 | 0.629 | 0.208 0.0003/0.196 | 0.0006/0.108 |0.887 0.005 42 e 
28 | 0.054] 0 0.946 0.0008/0 0.846 |0.045 |o 0.955. 17 e 
29 | 0.081 | o 0.919 (e) ° 0.758 |o ° 1.000 39 a 
30 | 0.027 | 0.664 | 0.309 0.0001/0.306 | 0.006 |o.019 |0.948 0.033 37 @ 
35 | 0.583 | o 0.417 0.152 |o 0.030 |0.996 |o 0.004 62 a 
36 | 0 0.404 | 0.596 ° 0.222 | 0.124 |o 0.488 0.512 211 a 
37 | 0 0.560 | 0.440 (0) 0.334 | 0.038 |o 0.822 0.178 258 a 
38 | O.1Ir | 0.246 | 0.643 0.0010/0.0095| 0.203 |0.183 |0.020 0.797 102 

39 | 0.135 | 0.154 | 0.711 0.0002/0.0022} 0.280 |0.030 |0.004 0.966 240 

40 | 0 0.695 | 0.305 [o) 0.659 | 0.0004/0 0.999 0.001 IIo 

4I | 0.250 | 0.574 | 0.176 0.015 |0.317 | o 0.814 |0.186 ° 153 

42 | 0.503 | 0.321 | 0.176 0.199 |0.058 | o 0.997 |0.003 ro) 192 

43 | 0.592 | 0.244 | 0.164 0.342 |0.0091| 0 0.999+/0.0003 ° 228 

44 | 0.671 | 0.165 | 0.164 0.424 10.0034] 0 0.999+/0.0001 ° 194 

45 | 0.499 | 0.337 | 0.164 0.324 |0.006 | o 0.9908 |0.002I1 °o 176 

46 | 0.510 | 0.220 } 0.270 0.336 |0.0017| 0.0002|/0.999+)|0.0006 0.00001 159 

47 | 0.458 | 0.247 | 0.205 0.216 |0.0022] 0.0026/0.999 |o.oorr 0.0002 196 

48 | 0.534 | 0.197 | 0.269 0.238 |0.0006] 0.0011/0.999 |0.0003 0.00009 177 

49 | 0.442 | 0.239 | 0.319 0.224 |0.0015]} 0.0048/0.9990 |0.0007 0.0004 172 

50 | 0.575 | 0.150 | 0.275 0.294 |0.0002| 0.0003/0.999+]/0.00001| 0.00002 127 

5I | 0.503 | 0.212 | 0.285 0.300 |o 0.0027\/0.99090+/0 0.0002 134 

52 | 0.537 | 0.161 | 0.302 0.304 |o 0.0029/0.999+|0 0.0002 128 

53 | 0.526 | 0.154 | 0.320 0.292 |o 0.007 |0.999+/0 0.0005 135 

54 | 0.421 | 0.208 | 0.371 0.292 |o 0.012 |0.999 |o 0.0008 129 

55 | 0.455 | 0.107 | 0.438 0.192 |o0 0.041 |0.995 |o0 0.005 154 

56 | 0.432 | 0.001 | 0.477 0.194 |o 0.052 |0.995 |0 0.005 142 

57 | 0.362 | 0.106 | 0.532 0.153 |0 0.091 |0.988 |o 0.012 146 

58 | 0.388 | 0.081 | 0.531 0.123 |o 0.091 |0.985 |o 0.015 160 

59 | 0.285 | 0.076 | 0.639 0.072 |o 0.184 |0.950 |o 0.050 I55 

60 | 0.428 | 0.063 | 0.5090 0.091 |o 0.076 |0.983 |o 0.017 174 

61 | 0.553 | 0.058 | 0.380 0.218 |o 0.020 |0.998 |o 0.002 113 

62 | 0.547 | 0.064 | 0.380 0.244 |o 0.019 |0.9908 |o 0.002 112 

63 | 0.597 | 0.049 | 0.354 0.334 |o 0.009 {0.999 |0 0.0006 88 

64 | 0.446 | 0.249 | 0.305 0.176 |0.0099] 0.0041/0.999 !0.0008 0.0006 116 

65 | 0.547 | 0.210 | 0.243 0.231 0.0037} 0.0004\0.999+]|0.0002 0.00004 85 

66 | 0.571 | 0.173 | 0.256 0.249 |0.0016) 0.0006/0.999+]0.00007| 0.00005 85 

67 | 0.526 | 0.219 | 0.255 0.258 |0.0048] 0.0053/0.909+]0.0002 0.00004 83 

68 | 0.568 | o 155 | 0.277 0.310 |0.0012| 0.0018/0.999+]|0,.00004] 0.00001 66 6 
69 | 0.432 | 0.303 | 0.265 0.217 |0.037 | 0.001 [0.998 [0.0019 | <0. 00001 71 @ 
70 | 0.407.| 0.341 | 0.252 0.125 |0.068 | o 0.994 |0.0059 | <0.0000T 10s 

7I | 0.417 | 0.311 | 0.272 0.152 10.046 | o 0.997 |0.0033 0.0001 89 

72 | 0.323 | 0.404 | 0.273 0.098 [0.147 | o 0.984 |0.016 <0. 00001 98 

73 | 0.487 | 0.333 | 0.180 0.122 |0.0633] o 0.994 |0.0057 | <0.00001 284 

74 | 0.645 | 0.175 | 0.180 0.375 |0.0081| o 0.999+/0.0002 | <o.00001 163 

75 | O.41I | 0.411 | 0.178 0.200 /0.098 | o 0.995 |0.0054 | <0.00001 202 

76 | 0.341 | 0.475 | 0.184 0.092 |0.212 | o 0.974 |0.026 | <o.00001 227 

77 | 0.323 | 0.490 | 0.187 0.026 |0.246 | o 0.906 |0.0904 | <0.00001 286 

78 | 0.244 | 0.546 | 0.210 0.016 |0.342 | o 0.738 |0.262 |<o oooor 186 

79 | 0.272 | 0.503 | 0.225 0.0031/0.299 | o 0.481 |0.519 | <0.00001 324 

80 | 0.277 | 0.493 | 0.230 0.0015|0.2901 | o 0.315 |0.685 <0.00001 328 

81 | 0.211 | 0.609 | 0.180 0.0004/0.302 | o 0.104 |0.8096 <0 00001 275 

82 | 0.151 | 0.666 | 0.183 0.00II/0.5090 | o 0.173 |0.827 | <o.o0001 187 

83 | 0.202 | 0.608 | 0.190 0.0006/0.488 | o 0.097 |0.903 | <0.00001 air é 
84 | 0.113 | 0.636 | 0.251 0.0004/0.517 | 0.0032/0.397 |0.537 0.066 202 . 
85 | 0.120 | 0.615 | 0.265 0.0003/0.481 | 0.0039,0.371 |0.538 0.001 216 ¢ 
86 | 0.356 | 0.315 | 0.329 0.068 |0.080 | 0.016 |0.998 0.0007 0.002 93 ae 
87 | 0.323 | 0.262 | 0.415 0.056 |0.051 | 0.040 |0.985 |o.001 0.014 175 « 
88 | 0.410 | 0.353 | 0.237 0.106 |0.017 | 0.0013/0.995 |0.002 0.003 - 95 ee 


ry 
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TABLE 3.—(Continued) 
RR eS Ra ar 


Saturations Relative Permeabilities Stream Compositions 
Ran Pressure 
Nit a Differential | Remarks 
So Be Se Ky Bona e TH. Ry Ro Rae Mois 
89 | 0.329 | 0.458 | 0.213 0.060 {0.102 | 0.0008/0 8 |0.001 0.0 e 
90 | 0.290 | 0.505 | 0.205 0.052 |0.166 | 0.0005 nese Gleeos ate ato é 
OI | 0.156 | 0.644 | 0.200 0.00I19/0.464 | 0.0005|0.800 |o0.196 0.004 159 e 
92 | 0.296 | 0.509 | 0.195 0.0047|0.446 | 0.0003/0.774 |0.220 0.006 205 ee 
93 | 0.426 | 0.349 | 0.225 0.090 |0.066 | 0.0007\/0.999+)0.0007 0.0001 89 6 
94 | 0.426 | 0.336 | 0.238 0.099 |0.058 | 0.0008/0.999+/0.0004 0.0001 87 é 
95 | 0.461 | 0.306 | 0.233 0.130 |0.026 | 0.0006/0.999+]0. 0001 0.00001 98 é 
96 | 0.345 | 0.430 | 0.225 0.051 |0.128 | 0.0006/0.998 |0.0018 0.0002 I16 e 
(97 | 0.242 | 0.553 | 0.205 0.015 {0.318 | 0.0002/0.825 |0.174 0.001 195 e 
98 | 0.207 | 0.279 | 0.424 0.037 |0.032 | 0.057 |0.970 |0.0005 0.030 106 e 
99 | 0.242 | 0.254 | 0.504 0.007 |0.0I5 | 0.093 |0.889 |0.001 0.110 137 c 
I00 | 0.196 | 0.329 | 0.475 0.040 | 0.072 168 ob 
IOI | 0.207 | 0.440 | 0.353 0.003 |0.137 | 0.017 |0.855 |0.040 0.105 273 ¢ 
502+) 0223 |'0.577 | 0. 200 0.0005|0.345 | 0.0004)0.115 |0.883 0.002 120 
103 | 0.171 | 0.456 | 0.373 0.0004/0.233 | 0.028 |0.087 |0.749 0.164 70 . 
105 | 0.156 | 0.297 | 0.547 | <0.001 |0.058 | 0.138 |0.206 j0.145 0.649 96 
106 | 0,044 | 0.177 | 0.779 |<0.001 |0.012 | 0.617 |0.064 |o.010 0.926 42 « 


2AP low. Point given less than full weight in correlation. 


> AP uncertain due to fluctuations of +4 mm. 
¢ Doubtful whether equilibrium was attained. 


Hg... ; 
Point given less than full weight. 


4 Doubtful values failed to check two-phase work. 
¢ Blend of kerosene and motor oil used. 


contours for each of the other fluids. In 
two-phase systems there is, in general, a 
rather small range of S values over which 
the R values change from a small fraction 


100% Gos 


100 % Wolter 


Fic. 


2.—MASTER PLOT SHOWING SATURA- 
TIONS FOR EACH RUN. NUMERALS ARE RUN 
NUMBERS. 


a 


to a large fraction; i.e., the curves are 
characterized by having small slopes except 
in a relatively narrow range where the 


slope is very high. In a three-phase 


: 


system, this would correspond to contours 


_ widely spaced over most of the region and 


compressed in a relatively small region. 
This was found to hold true. The diffi- 


culties attending mapping such contours is 
apparent. Fig. 3 presents one contour for 
each phase. However, it shows clearly the 


LEGEND: 
3 Essentially one phase flowing. 


= Peale 100 % Gas 


Appreciable fiow of all three 
phases. 


Arrows point to increasing 
fractions of respective 
components in stream. 

Fluids: 

Nitrogen 
Kerosene ‘ 
N/4 aq. NaCl 


ae 


os 


100% Oil 


Fic. 3.—APPROXIMATE LIMITS OF SATURA- 
TIONS GIVING 5 PER CENT. OR MORE OF ALL 
COMPONENTS IN FLOW STREAM. 


regions of pore-space composition where the 
flowing stream is essentially one phase, or 
two phases, and where three phases are 
present in appreciable proportions. 

The third set of data is presented in 
three figures, one for each phase. The rela- 
tive permeability to water was found to be 
a function of the water saturation only 
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(Fig. 4). The relative permeabilities to gas 
and to oil, however, were found to be de- 
pendent on the saturations of all three 
phases (Figs. 5 and 6). Contours of equal 
relative permeabilities, which will be called 
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Fic. 4.—RELATIVE PERMEABILITY TO WATER AS 

FUNCTION OF WATER SATURATION. 


‘‘isoperms,’”’ were drawn in these figures. 


Boundary points were taken from the two- 
phase work.}}? Considerable spread of data 
was encountered in the relative perme- 
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Fic. 5.—K’j, RELATIVE PERMEABILITY TO GAS 
AS FUNCTION OF SATURATION. 

Curves are lines of constant permeability 
as per cent relative permeability. 


abilities to gas and to oil; the isoperms of 
Figs. 5 and 6 represent a smoothing out of 
the data points of Table 3. The spread for 
the relative permeability to water was 
much less, the points falling close to a 


smooth curve that closely approximates 
those previously found for the water-gas 
and oil-water systems.'? 

Errors.—Of the several sources of error, 
two are outstanding: (1) dead space in the 
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Fic. 6.—K’,, RELATIVE PERMEABILITY TO OIL AS 
FUNCTION OF SATURATION. 
Curves are lines of constant permeability as 
per cent relative permeability. 


cell, i.e., space not filled with sand; and 
(2) failure to reach equilibrium. The first 
is inherent in the design of the apparatus 
and at times may result in errors as high 
as 6 per cent in the computed oil and gas 
saturations. The second is thought to 
introduce errors of about 2 per cent in the 
computed relative permeability to oil. This 
could have been overcome by extending the 
time of the run, but frequently a com- 
promise was necessary on this point, and 
a run had to be stopped before equilibrium 
was completely attained. 

The existence of a pressure gradient 
along the cell caused but slight error, as 
the mean pressure was measured. The gas 
volume flowing in unit time across bound- 
aries normal to the direction of flow in- 
creased toward the effluent end, both 
because of expansion of free gas and be- 
cause of gas coming out of solution. By 
decreasing the gradient, this effect could 
be made negligible. 

No attempt was made to accomplish this 
because the effect appeared relatively unim- 
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portant and there were two good reasons 
for using a high gradient. Greater accuracy 
was possible in computing relative perme- 
abilities and the “boundary effect” was 
reduced when the gradient was high. 


0 20 40 60 €0 90 
Gas Saturation: Percent of Pore Volume 


Fic. 7.—EFFECT OF CONNATE WATER ON 
RELATION BETWEEN RATIO K’,/K’, AND GAS 
SATURATION. 


The term ‘boundary effect” refers to a 
discontinuity in the capillary properties of 
the system existing at the effluent end of 
the cell. In the body of the sand, capillary 
forces act uniformly in all directions, thus 
canceling each other. But at the end, net 
forces persist, which tend to prevent the 
water, or sand-wetting phase, from leav- 
ing the cell. This results in an accumula- 
tion of water in the downstream portion of 
the cell. If the pressure gradient is high, 
these capillary forces are relatively unim- 
portant but at very slow rates of flow, at 
low gradients, the effect is disturbing. 

Errors due to inaccuracies in measure- 
ments were negligible compared to the lack 
of reproducibility that is characteristic of 
this type of work. The electrical measure- 
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ments were reproducible to +1 per cent; 
the shut-in pressure measurements to 
better than 1 per cent. Fluctuations of the 
manometer levels during flow reduced the 
accuracy of these measurements con- 
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Fic. 8.—INFLUENCE OF CONNATE WATER ON OIL 
PRODUCTION BY GAS EXPANSION. 


siderably. These fluctuations varied greatly 
from run to run. Bad jittering of the levels 
occurred in the region of appreciable three- 
phase flow. When the flow of one phase 
was low, there was comparative steadiness. 


SUMMARY OF EXPERIMENTAL DATA 


1. The relative permeability to water is 
determined by the water saturation alone, 
and is not affected by the introduction of 
an additional nonaqueous phase (Fig. 4). 

2. The relative permeability to gas in 
three-phase flow is slightly less than would 
correspond to the same gas saturation in 
two-phase flow (Fig. 5). 

3. The relative permeability to oil varies 
in a more complex manner, being in some 
regions less and in others more than for the 
same oil saturations in two-phase flow 
(Fig. 6). 

4. The isoperms for all components are 
independent of the viscosity of the oil 
phase. Points determined using kerosene 
and points using the more viscous blended 
oil fall along the same isoperms. 
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5. The presence of appreciable amounts 
of all three phases in a flowing stream in 
equilibrium with the fluid in the pore space 
is limited to a relatively small region of 
pore composition. 
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FIG. 9.—PERMEABILITY-SATURATION CURVES 
FOR OIL AND GAS AT I5 TO 25 PER CENT CONNATE 
WATER. 


DIscussION OF RESULTS 
Effect of Connate Water on Recovery of Oil 


It is possible, by regarding unsteady flow 
of fluid mixtures as a succession of steady 
flow states, to predict in part the behavior 
of reservoirs from steady-state simulta- 
neous-flow data obtained in laboratory 
studies like the present one. The heretofore 
' available data for simultaneous steady flow 
of gas and oil were obtained on sands that 
contained no connate water. However, 
since the presence of connate water in 
many oil sands is now recognized, it is of 
particular interest to discover whether its 
presence will seriously affect recoveries cal- 
culated from steady-flow data. 

Tn oil production by gas drive, the gas-oil 
ratio flowing in the sand is 


In the absence of connate water, it is found 
that the ratio K’,/K’, increases so sharply 
with increasing gas saturation that exces- 


sively high gas-oil ratios usually are en- 
countered by the time the gas saturation 
has reached about 25 per cent. Since con- 
tinued production at high ratios quickly 
exhausts the available gas, it is usually 
predicted that in gas-expansion production 
the oil recovery, corrected for shrinkage, 
will be about 25 per cent or less of the 
reservoir pore volume. The effect of con- 
nate water on the relation between the | 
ratio K’,/K’, and gas saturation therefore 
is the point of interest. Fig. 7, constructed 
from the data of this report, shows that the 
presence of 20 and 4o per cent connate 
water alters this relation only slightly, 
hence it is to be predicted that the presence 
or absence of connate water is not an impor- 
tant factor in the recovery of oil by the 
gas-expansion mechanism. 

The substantial independence of gas- 
drive oil recovery of connate water has been 
confirmed by direct laboratory experiment. 
In Fig. 8 are shown the results of a series of 
such experiments. In each experiment sand 
held in a high-pressure bomb was filled with 
a mixture of oil and “‘connate”’ water. The 
oil (kerosene) was previously saturated at 
1000 lb. per sq. in. with natural gas. The 
contents of the bomb were then allowed to 
produce slowly through a discharge valve. 
The data show that the oil recovered varied 
only slightly over a considerable range of 
connate-water saturations. This is in 
agreement with findings reported by 
Muskat and Botset.4 

It must, of course, be realized that if the 
oil recovered by gas drive is independent of 
connate-water saturation, the oil remaining 
unrecovered must vary inversely as that 
saturation. For this ’reason, estimation of 
the connate-water saturation is of primary 
importance where secondary recovery 
methods are to be considered. 

Finally, it should be pointed out: that 
lack of effect of connate water on the rela- 
tion between gas saturation and the ratio 
K’,/K’', does not imply lack of effect on 
the individual relations between gas perme- 
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ability and gas saturation and oil per- 
meability and oil saturation. Fig. 9 
presents a comparison of the relative 
permeability-saturation curves for oil and 
for gas with and without connate water. It 
may be seen that at 20 per cent connate 
water both curves have been displaced 
from their positions at no connate water. 


Flow Mechanism 


In many instances, possession of a clear 
mechanistic picture of a process assists in 
its understanding. In the present case, it is 
considered that the water completely sur- 
rounds each grain of sand, existing at very 
low water saturations as a film around the 
grains. When more water is present, it is 
believed to segregate first as rings around 
the points of mutual contact of the sand 
grains; these rings grow and finally coalesce 
as the water saturation is increased. In the 
absence of gas, at high oil saturations the 
oil is believed to exist as a continuous web 
or network enclosing and enclosed by the 
water-covered sand grains. As the oil satu- 
ration is decreased, the narrower portions of 
the oil web constrict and finally pinch off, 
thus making the web more diffuse. As this 
process goes on, portions of the oil web 
become isolated from the main body of oil, 
existing as discrete globules. This picture 
is in agreement with the concepts of Smith.® 
In flowing conditions, the system behaves 
as though the oil and water flowed smoothly, 
each through its portion of the liquid webs, 
without rupture or distortion of interfaces; 
i.e., the flow appears to be filamental rather 
than globular. At very low oil saturations, 
however, some globular flow seems likely. 

Where gas is present, the mode of water 
flow is unchanged, but since the gas tends 
to occupy the central portions of the inter- 
grain spaces, where the oil also is driven by 
capillary forces, interference between oil 
and gas in flow appears likely. Visual 
examination under the microscope shows 
the presence of an oil film (in some cases 
containing a very small amount of finely 
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divided water) through which oil flows 
around each gas bubble. It is not clear 
whether all gas bubbles are connected. 
However, the gas bubbles are observed to 
move jerkily, as opposed to the generally 
smooth flow of water (and of oil when gas 
bubbles are absent or stationary). This 
jerky motion of the gas implies similar 
motion of at least part of the oil, which 
therefore would be expected to move faster 
than in the absence of gas at the same oil 
saturation. Likewise, presence of the oil 
should act as a partial hindrance to gas 
flow; both of these conclusions are borne 
out by the curves of Figs. 5 and 6. 

Finally, the increase in oil permeability 
at constant oil saturation as the water 
saturation is increased from zero is clearly 
due to the shifting of the oil into parts of 
the intergrain spaces where it may flow 
more freely. The water introduced tends to 
occupy the sharply curved parts of the 
pores, forcing the oil into the central space 
vacated by gas. Since fluid in the sharply 
curved parts of the pores moves only with 
difficulty, and that in the center moves 
readily, the result is an increase in oil 
permeability. . 
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DISCUSSION 


H. G. Botset,* Pittsburgh, Pa.—Obviously 
a tremendous amount of work was required to 
obtain the data presented in this paper, and the 
authors are certainly to be congratulated on 
having made a valuable contribution to our 
knowledge of porous flow phenomena in thus’ 
extending experimental studies to the problem 
of three-phase flow. These experiments confirm 
and amplify in a satisfactory manner the 
picture obtained from earlier experiments 
with two phases, and thus indicate that we 
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really have an adequate qualitative picture of 
the phenomena involved in porous flow. 

The spread of the saturation data of Fig. 2 
is of some interest. It is presumed that the 
authors attempted to get saturations covering 
the entire range of the diagram and yet it will 
be noted that, although oil and gas saturations 
as low as 2 or 3 per cent were obtained, there 
are no water saturations below about 17 per 
cent. This minimum water saturation is to be 
expected, as it agrees with results obtained on 
two-phase studies, where it was found impossi- 
ble to obtain water saturations below about 
15 per cent. At this saturation the permeability 
to gas, in the two-phase studies, was virtually 
100 per cent of the homogeneous fluid permea- 
bility. It would appear that in two-phase flow 
a criterion of the minimum water saturation is 
the point at which the gas permeability reaches 
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roo per cent of the homogeneous fluid permea- 
bility. In two-phase experiments on a consoli- 
dated sand this point was reached at a water 
saturation of about 25 per cent. Therefore 
one might expect that if a similar three- 
phase study were made on the same consoli- 
dated sand no water saturation below about 
25 per cent would be obtained, with a corre- 
sponding alteration in the other three-phase 
relationships. 

Finally, the concentration of the two-phase _ 
and three-phase flow areas into the lower part 
of Fig. 3 is further proof of the difficulty of 
obtaining high recovery by gas drive alone, 
since at gas saturations above approximately 
35 per cent the flowing fluid is almost entirely 
gas. This emphasizes the importance of taking 
all possible advantage of structural factors in 
oil-field development. 


Effects of Temperature and Pressure on Rheological Properties 
of Cement Slurries 


By R. Froyp Farris* 


(New York Meeting, February 1940) 


A THOROUGH knowledge of the behavior 
of cement slurries under elevated tempera- 
tures and pressures is necessary in order to 
solve properly the many problems pre- 
sented in deep-well cementing operations. 
In the earlier days of the petroleum indus- 
try the depths of wells were shallow as 
compared to those of today, and the 
subsurface temperatures and pressures 
were not of sufficient magnitude to affect 
seriously the problem of proper control of 
cement-slurry properties. Today, however, 
the search for new reserves has extended 
drilling to such depths that bottom-hole 
temperatures of more than 200°F. and 
bottom-hole pressures of 3000 to 5000 lb. 
are not uncommon. Moreover, there is 
every indication that within the next few 
years wells will be drilled to even greater 
depths and bottom-hole temperatures and 
pressures will be correspondingly higher 
than those with which we are concerned 
today. 

It has been realized for some time that 
the behavior of cement slurries at high 
temperatures and pressures might be very 
different from that at atmospheric tempera- 
ture-pressure conditions, but while the 
temperature effects have been investigated 
with a reasonable degree of thoroughness, 
the pressure effects have received little 
public attention. 

While the trend toward deeper drilling 
may make changes in cementing technique 
and the choice of cements imperative, it 
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was the purpose of this investigation to 
consider factors having a bearing on the 
latter, only secondary consideration being 
given, for the present, to details of tech- 
nique and equipment for oil-field use. More 
specifically, the purpose of this work was to 
consider the effect of temperature and 
pressure upon the behavior of cement 
slurries. 

Although it has long been recognized 
that cements thicken and set rapidly with 
increasing temperatures, practical methods 
for the quantitative determination of these 
effects are comparatively recent develop- 
ments. In 1935 Silcox and Rule! presented 
such a method, describing apparatus 
designed to measure the consistency-time 
relationship of cement slurries at relatively 
high temperatures. The practical impor- 
tance of this apparatus in furnishing useful 
data for the evaluation of cement slurries 
for cementing operations has been empha- 
sized in various technical publications by 
such writers as E. L. Davis,? I. F. Bing- 
ham,’ and J. E. Weiler.* A paper describing 
the numerous tests now used to evaluate 
cements for oil wells was presented in 1939 
by W. W. Robinson.® Robinson describes 
the Consistometer and the Thickening- 
Time Tester, showing similarity of data 
from the two devices, and points out that 
the purpose of each apparatus is to deter- 
mine the allowable time that a cement may 
be pumped at a given temperature. At the 
present time, however, it is believed that 
results from the Thickening-Time Tester 
and the Consistometer have not given a 


1 References are at the end of the paper. 
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complete picture of the behavior of cement 
slurries under subsurface conditions, be- 
cause they do not show the effect on cement 
slurries of elevated pressures in conjunction 
with high temperatures. 


Fic. 1.—HIGH-PRESSURE CONSISTOMETER. 


In this connection, it is interesting that 
while the literature contains few data con- 
cerning the effect of pressure on the setting 
of cement, it does present an interesting 
fact® from which much can be deduced; 
that is, that the system of cement and water 
undergoes a diminution in total volume 
during the setting process. It would appear 
reasonable to expect that any pressure 
applied to this system would tend to accel- 
erate the progress of the system along the 
same path as the normal setting action. 
Thus, in accordance with Le Chatelier’s 
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principle, an increased pressure would 
result in more rapid stiffening and setting 
of cement. Of course, such an effect would 
be reflected in the consistency-time rela- 
tionships of cement slurries at the higher 
pressures. It is also reasonable to believe 
that the setting of cement under high pres- 
sure might affect the development of 
strength in the cement. This effect prob- 
ably proceeds as a result of acceleration 
of the normal reactions of cement in hydrat- 
ing and setting. 

Since high pressure considerably reduces 
the volume of entrained air bubbles and 
produces a slurry of greater density, it was 
first thought that this fact might partly 
account for the quicker setting action of 
cements under high pressure. A test de- 
signed to remove a large portion of the 
entrained air from the slurry by vacuum 
mixing indicated that removal of entrained 
air in cement slurries does not decrease the 
differences in thickening time that result 
from different test pressures. 


APPARATUS 


To carry on this investigation, a high- 
pressure consistometer was designed to 
permit accurate measurement of the con- 
sistencies of cement slurries at tempera- 
tures up to 250°F. and pressures up to 6000 
lb. per sq. in. Suitable provisions were made 
in the consistometer to give temperature 
control of plus or minus one degree Fahren- 
heit. High pressures were held without any © 
difficulty to within ro lb. of the test pres- 
sure, which was considered sufficiently 
accurate for this work. A stirring device 
was designed which would permit uniform 
stirring of cement slurries of consistencies 
varying from extremely thin paste to 
viscous plastics. The time that a cement 
slurry will stir before the rapid stiffening 
occurs will vary somewhat with the type 
and rate of shear in the high-pressure con- 
sistometer, but for the present tests a con- 
stant rate of shear was established, so that 
all tests might be comparable. In the pres- 
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ent study maximum test pressures were 
limited to 5000 Ib. per sq. in., because it was 
felt that, in spite of the fact that actual 
maximum slurry pressures often exceed this 
value in the field, any interesting effects of 
pressure would probably be evident under 
the test conditions used. A general view of 
the high-pressure consistometer is shown 
in Fig. 1. 


CALIBRATION OF HIGH-PRESSURE 
CONSISTOMETER 


Since the physical properties of cement 
slurries vary with rate of shear, it is neces- 
sary that the rate of shear be fixed at some 
practical value before an attempt is made 
to evaluate slurry consistencies. To arrive 
at this, the energy consumption due to 
fluid flow of a unit volume of cement was 
calculated for different common casing 
sizes, different rates of slurry injection, and 
various slurry consistencies. Calculations 
were next made to determine the relation 
of the energy consumed per unit volume of 
slurry in the high-pressure consistometer to 
rotational speed of the stirring mechanism 
for slurries of various consistencies. The 
data gave families of curves from which it 
was possible to make direct comparisons of 
slurry input in a given size of casing to con- 
sistometer speed at equal rates of shear. In 
short, assuming an average field input to be 
20 sacks per minute mixed to an average 
consistency of 20 “‘poises,” the calculated 
data indicated that a consistometer speed 
of 67 r.p.m. is equivalent to pumping such 
a cement into 7-in. o.d. 24-lb. casing, and 
a speed of 27 r.p.m. is equivalent to pump- 
ing the cement into 9-in. o.d. 38-lb. casing. 
The shearing rate used in the present 
experiments was determined by averaging 
the above two consistometer speeds, thus 
arriving at 47 r.p.m. This figure is probably 
nearer correct for 7-in. casing than it is for 
g-in. casing, owing to the failure of cement 
slurries to act as true fluids. The presence 
of false body systems and the tendencies 
toward plug type flow in large pipe, such as 
casing, are very likely to give a shearing 
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rate less than the calculated data would 
indicate. Further discussion will be given 
to this subject later in this paper. 

It should be pointed out that the shear- 
ing rate in the high-pressure consistometer 
at a stirrer speed of 47 r.p.m. differs con- 
siderably from the rate of shear obtained 
in the now common “‘ice cream freezer’ 
type of consistometer. The shearing rate 
in the latter is approximately one-half the 
shearing rate in the former, by actual meas- 
urement. The calibration of such apparatus 
makes it easy to lose sight of the difference 
in the rates of shear between the various 
instruments. Calibration of both devices is 
essentially the same and consists of a proc- 
ess of holding the speed of stirring and all 
other variables constant, and plotting the 
work done in stirring a true nonthixotropic 
fluid against the viscosity of that fluid. By 
repeating this step, using fluids having dif- 
ferent viscosities, it is possible to obtain a 
curve showing the viscosity of a fluid in the 
consistometer in terms of work done in 
stirring that fluid under the conditions of 
calibration. Therefore, when different con- 
sistometers of various designs are calibrated 
in this way, it is possible to obtain fairly 
good viscosity readings while the rate of 
fluid shear may vary widely in the different 
instruments. 

Although the consistometer is calibrated 
with true viscous fluids, using accepted units 
of viscosity (poises), the term ‘‘viscosity”’ 
will not be applied to cement slurries in this 
investigation, in recognition of the fact that 
cement slurries do not behave as true fluids. 
The thickness or body of cement slurries will 
be indicated by the term ‘‘consistency” 
henceforth in this report. However, the term 
“noise”? will be retained simply for con- 
venience to express the units of consistency 
and to reflect the implications of the 
calibration. 


Limit oF MosiILity 


It is convenient to compare cement 
slurries at some common consistency in 
order to evaluate the relative abilities of the 
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different cements to remain as fluid slurries 
for a time sufficient to allow proper place- 
ment in a cementing operation. In order 
that the test results may have the greatest 
practical significance, the slurry consistency 
selected for the basis of comparison should 
be equal to the maximum practical slurry 
consistency that can be handled easily by 
cementing-equipment pumps. This being 
done, even within close approximations, 
the stirring time in the consistometer will 
probably bear a reasonably close relation to 
the time that a cement slurry may be 
pumped, provided the other variables are 
held within reasonable limits. Previous in. 
vestigators, using the atmospheric pressure 
type of consistometer, suggested that a 
slurry consistency of 40 ‘‘poises” be used 
as an “estimated limit of pumpability”’; 
therefore cement slurries in this investiga- 
tion will be compared at a consistency of 40 
‘“‘poises”’ and the time elapsed after the 
water is mixed with the dry cement to the 
time when the slurry acquires a consistency 
of 40 “poises” will be referred to as the 
stirring time. 

“Estimated limit of mobility” will be 
substituted for the phrase ‘estimated 
limit of pumpability” herein, because it 
better implies that slurry consistency and 
available pumping force are not the only 
limiting factors, and it will be shown later 
in this discussion that although it is conven- 
ient to compare cement slurries at some up- 
per consistency limit such as 4o ‘‘poises,” 
the practical and recommended limit to 
which a cement may be pumped will be 
somewhat less than that consistency after 
proper consideration is given to other 
factors. 


CLASSIFICATION OF CEMENTS 


The cements investigated were classified 
as standard Portland cement and oil-well 
cements. All special cements for oil wells 
designed to be slow-setting (retarded) at 
high temperatures, whether accomplished 
by mill processing or chemical treatment, 


are referred to herein as oil-well cements. 
The common cements for construction 
work, which have not been processed for 
any special use, are termed standard 
Portland cements. 


METHODS AND PROCEDURE 


In making consistency tests, the pro- 
cedure for preparation of the sample and 
the operation of the high-pressure consisto- 
meter is briefly described as follows: 

The cement to be tested is carefully 
sampled by means of a brass tube, 1}4-in. by 
3-ft., which is used to obtain a cylindrical 
section through the entire body of the 
cement in the bag. After thorough mixing 
of the dry cement, the correct amount is 
weighed out from the portion sampled as 
described above. The mixing water (Tulsa 
City tap water, in the present case) is 
measured and used at 90°F. The slurries 
are mixed in the proportion of 40 parts (by 
weight) of water to too parts of drv cement. 
The water and cement are uniformly mixed 
for exactly 2 min. and the slurry placed in 
the consistometer pressure chamber, which 
is at the desired test temperature. Stirring 
is started, the chamber made pressure- 
tight, and the desired test pressure applied 
to the cement slurry. Consistency measure- 
ments are then made at definite time inter- 
vals until the slurry has stiffened to a 
consistency of 7o or 80 ‘“‘poises”’ and is 
very rapidly approaching its initial set. 


RESULTS OF TESTS 


The test results accumulated in this 
investigation have been reduced to graph 
form, and the curves and families of curves 
resulting are described as follows: 

Fig. 2 shows the consistency curves re- 
sulting from a series of pressure-consisto- 
meter tests made using a standard Portland 
cement designated as cement A. These tests 
were made at temperatures of too° and 
180°F,. and cover a pressure range from 
atmospheric to 5000 lb. per sq. in. It is 
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Fic. 2.—CONSISTOMETER TESTS ON PORTLAND CEMENT A AT 100° AND 180°F, WATER 40 PERCENT. 
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Fic. 3.—CONSISTOMETER TESTS ON OIL-WELL CEMENT B AT 180°F. WATER 40 PER CENT. 
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apparent that pressure hastens the stiffen- by 1 hr. 4o min., or approximately 54 


ing of the slurry and greatly reduces the _ per cent. The tests at 180°F. indicate that 
stirring time. At 100°F., the effect of in- this type of cement would be practical for 
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TIME STIRRED, HOURS 
Fic. 4.—CONSISTOMETER TESTS ON OIL-WELL CEMENT B at 220°F. WATER 40 PER CENT. 
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creasing the pressure from atmospheric _ use in oil wells only at much lower cement- 
pressure to sooo lb. per sq. in. reduced ing temperatures. The stirring time in 
the stirring time to the 40 “poise” limit these tests was reduced 9 min., or approxi- 
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mately 29 per cent, by increasing 
the pressure from atmospheric to 5000 
pounds. 

Fig. 3 shows a group of pressure-consisto- 
meter tests on oil-well cement B at 180°F. 
This cement, being a special cement for 


5000 
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of the slurry increased rapidly soon after 
test conditions were applied. Although this 
cement did not enter the final stiffening 
period for some time, the fact that it did 
not remain below 40 ‘‘poises” indicates 
that the conditions 


imposed are too 
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high temperatures, will be observed to be 
much more resistant to a temperature of 
180°F. than the previous standard Portland 
cement. The fact that this cement was more 
resistant to high temperature did not pre- 
vent the slurry from stiffening more rapidly 
at high pressures. The pressure increase 
from atmospheric to 5000 lb. per sq. in. 
reduced the stirring time by 59 min., or 
approximately 27 per cent. In other words, 
an increase in pressure up to 3500 Ib. de- 
creased the stirring time of this cement, but 
the 5000-lb. test stirred slightly longer than 
the 3500-lb. test. A series of check tests 
were made to corroborate this reversal in 
trend. This peculiar phenomenon cannot be 
explained at present. It appears to be a 
characteristic of this cement at this par- 
ticular condition of temperature and 
pressure. 

Fig. 4 shows the results of tests made on 
oil-well cement B at 220°F. The consistency 


rigorous for this cement. The reverse trend 
noted in Fig. 3 did not appear in these tests. 

Fig. 5 summarizes the effect of tempera- 
ture on the limit of mobility at 5000 lb. 
pressure for two cements. The curves were 
obtained by plotting the time stirred to the 
intercept of the 40 “poise” line against 
temperature at sooo lb. Oil-well cement C 
is shown with Portland cement A since the 
tests on cement B provided only two points 
for a curve. 

Fig. 6 summarizes the effect of pressure 
on the limit of mobility for three cements at 
180°F. The change in direction of the curve 
for oil-well cement B between 3500 and 
5000 lb. pressure is another expression of 
the reversal effect of pressure described 
under Fig. 3. 

The graphical data repeatedly indicate 
that the stirring time on all cements was 
greatly reduced owing to pressure alone. 
The reduction in stirring time caused by 
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increasing the pressure from atmospheric 
to 5000 Ib. per sq. in. averages 31.5 per cent 
for the three oil-well cements, 41 per cent 
for the standard Portland cement, or an 
average of 35 per cent for all cements. In 
other words, the stirring time of the average 
cement, based on atmospheric consisto- 
meter tests now commonly used, is probably 
overestimated since the time value at 5000 
Ib. per sq. in. is approximately 35 per cent 
less than the stirring or pumping time at 
atmospheric pressure. 

Up to this point cements have been com- 
pared largely on the basis of their ability 
to remain at a consistency below 40 
“noises” for a certain time, called the stir- 
ring time, at certain conditions of tempera- 
ture and pressure. There is no reason to 
believe that an arbitrary limit of mobility, 
such as 4o “‘poises,” should be the only 
standard for evaluating oil-well cements. 
Certainly a cement slurry consistency 
sufficiently low to permit placement is the 
first requisite, but other qualities such as 
strength of the set cement, uniformity of 
the slurry, and the ability of the slurry to 
displace drilling fluids properly should also 
be taken into account. 


EFFrect OF AGITATION ON STRENGTH 
oF SET CEMENT 


In this connection, a series of tests was 
made to determine the strength of the set 
cement after the slurries had been subjected 
to different periods of stirring at constant 
temperature and pressure. Special equip- 
ment was devised to operate in conjunc- 
tion with the high-pressure consistometer, 
which would permit high-pressure and 
high-temperature slurries in the consisto- 
meter to be transferred into a high-pressure 
specimen mold and cured without loss of 
pressure. 

The stirring time of the cement to be 
tested was divided into convenient inter- 
vals and the slurry at the end of each 
interval was transferred from the con- 
sistometer and cured under test pressure 
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and temperature for 72 hr. At the end of 
that time, the pressure was released and the 
cured cement cylinders, 2 by 4 in., were 
tested for compression strength. The molds 
accommodated three such cylinders per 
test run. Tests were made on both standard 
Portland cement and oil-well cement at 
different temperatures and pressures. Since 
the results were found to show essentially 


the same trends, oil-well cement B was _ 


selected to represent the typical result. Fig. 
7 shows the time-consistency relationship 
of oil-well cement B at 5000 Ib. pressure and 
140°F. and the compression strength of the 
cured cement at 72 hr., from the slurries 
after different periods of stirring. 

These tests indicate that the strength of 
the set cement is not greatly affected by 
stirring or agitation while the slurry is 
fluid, but the strength of the set cement is 
definitely injured if the slurry is stirred, 
pumped, or otherwise strongly agitated 
after the slurry starts to stiffen. The results 
also show that the rate of strength reduc- 
tion increases as the rate of stiffening 
increases. This indicates that if cement 
slurries at 5000 Ib. pressure and at higher 
temperature, such as 180° to 220°F., are 
pumped after they begin to stiffen rapidly, 
the cement will suffer injury much greater 
than that shown in these tests. While these 
results are not unexpected ones, it is inter- 
esting nevertheless to know that the detri- 
mental effects of shearing a slurry after 
thickening begins are just as prevalent at 
the higher pressures as they are at atmos- 
pheric pressure. 

In order to utilize the protection that 
goes hand in hand with high cement 
strengths, slurries at high temperatures 
and pressures should not be pumped after 
rapid stiffening begins. That point in Fig. 
7 would be at 2 hr. stirring, whereas the 
stirring time to the arbitrary 40 “poise” 
limit is 3 hr. Therefore it is suggested that 
in actual practice the pumping time allowed 
for cement slurries should not be as long as 
has been estimated previously. 
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PLUG-TYPE MOTION IN THE 
CONSISTOMETER 


All of the previously discussed con- 
sistometer tests were made with a stirring 
mechanism that forced the slurry to remain 
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viously outlined procedure. Tests were 
made on all the cements previously men- 
tioned, and oil-well cement C was selected 
as representing the typical result. 

Fig. 8 shows what happened when a 
slurry was not subjected to vigorous agita- 
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Fic. 7.—STRENGTH CONSISTENCY VS. STIRRING TIME ON OIL-WELL CEMENT B AT 5000 POUNDS 
PRESSURE AND 140°F. 


uniform throughout the tests. Since the 
flow of cement in oil-well casing might not 
be subject to such thorough agitation, it 
was desirable to study a condition that 
probably corresponded more closely to 
practical conditions. This study was made 
in the following manner. 

The original stirring mechanism was 
exchanged for one that offered greater 
resistance to the passage of slurry through 
the paddle openings. Further, the paddle 
afforded an amount of shear that increased 
with the radial distance from the center of 
the consistometer. It also gave a slightly 
greater shearing rate at the top than at the 
bottom of the consistometer. The over-all 
shearing rate, however, was just slightly 
less than that obtained with the original 
paddle at the same rotational speed. 

Consistometer tests with this stirring 
device were made according to the pre- 


tion in the center. From the beginning of 
the tests to points A the slurry stirred uni- 
formly, but as the slurry stiffened it became 
more and more difficult for it to pass 
through the paddle restrictions. At point 
A the slurry ceased to pass through the 
paddle, causing the entire cement body to 
whirl as a plug. This plug-type motion, 
shearing only at the wall, was lubricated by 
the free water present, so as to indicate a 
false reduction in consistency. As the 
setting of the cement progressed further, 
the apparent reduction in consistency was 
regained and the apparent consistency 
continued to increase. 

Examination of the cement after the test 
was finished showed that the main body of 
the cement had reached its initial set, but 
the thin film shearing at the wall of 
the consistometer was still in a plastic 
state. 
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Plug-type motion in the consistometer is 
accelerated and magnified by increasing the 
pressure to 5000 lb., as shown in Fig. 8. 

The effect of the slightly greater shearing 
rate at the top of the consistometer was to 
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DISCUSSION OF RESULTS 


The results obtained with the high-pres- 
sure consistometer must be interpreted in 
the light of an evaluation of the method. 


NOTE: SLURRY BEGAN TO WHIRL 
AS A PLUG AT POINTS A 
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TIME STIRRED, HOURS 
Fic. 8.—COoNSISTOMETER TESTS ON OIL-WELL CEMENT C AT 140°F. WATER 40 PER CENT. 


cause plug-type motion to develop first at 
the top. When the condition of the slurry 
was examined at points A (in repeat runs), 
it was found that the plug was in the 
process of forming and that at the bottom 
of the consistometer, where the shearing 
rate was less, the plastic cement plug had 
not formed. The portion of the slurry that 
“froze” to the paddle was found to be in a 
soft, semiplastic state, and in the general 
shape of a cone, with base at the top of the 
consistometer. This indicated that where 
there was weaker agitation at the center of 
the consistometer, the greater the shearing 
rate at the wall, the greater would be the 
tendency for plug-type motion to develop. 

All oil-well cements showed the same 
phenomena at 140° to 220°F., and at all 
pressures. The Portland cement, however, 
stirred uniformly throughout the tests, 
which were, of course, of somewhat lesser 
duration than for the slow-setting cements. 


and a study of the relationship of the tests 
to practical cementing operations in the 
field. 

It will be well to remember that these 
tests are essentially a comparison of the 
consistency-time relationships of the differ- 
ent cements under comparable conditions 
of temperature, pressure, water-cement 
ratio, and rate of shear from the time of 
mixing to a stiffness above which the 
cement is assumed to be incapable of being 
pumped. If the variables are controlled, or 
varied in the test procedure so that they bear 
a close relation to practical conditions, the 
consistometer stirring time under a given 
set of conditions should correspond reason- 
ably closely to the maximum pumping time 
under the same conditions in field practice. 
It is understood, of course, that for this 
statement to be correct the temperature 
and pressure in the consistometer must 
correspond to some representative average 
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bottom-hole cement-circulation tempera- 
ture and pressure. 

Arriving at a suitable test temperature 
for such work is a problem that has received 
much attention recently. Robinson® re- 
views an empirical method, which has been 
found applicable to California fields. 
Whether or not it is generally applicable 
to other fields is a question that cannot be 
answered at this time. The test tempera- 
tures discussed herein are recognized as 
being somewhat higher than the maximum 
slurry temperature that would be reached 
in a cement job on a well having a static 
bottom-hole temperature equal to the test 
temperature. 

If the consistometer tests may be as- 
sumed to be an indication of the perform- 
ance of cement slurries in field practice, the 
test results clearly indicate that each of the 
cements tested has definite limitations. 
Without reviewing specific cases, certain 
cements appear to be practical at 5000 lb. 
pressure and 140°F. maximum slurry tem- 
perature, but at the same pressure and 
180°F. they stiffen so rapidly that they are 
wholly impractical. On the other hand, a 
cement that appears satisfactory at 5000 lb. 
and 180°F. is retarded too much to be 
satisfactory at the same pressure and 
140°F., since it is desirable that the slurry 
set reasonably soon after coming to rest, in 
order to minimize water loss from the slurry 
and deterioration of the cement from salt 
water. In short, the cements vary widely 
when compared on a common basis, yet 
each cement may be used within a definite 
temperature-pressure bracket in preference 
to other cements. It is fortunate that this 
variation exists, since it affords the con- 
sumer an opportunity to choose a cement 
for each particular set of conditions found 
in practice, except possibly for extreme 
conditions of temperature and pressure. 

Present cementing conditions sometimes 
exceed the actual test performance of 
cements that are recommended by the 


manufacturers, for high-temperature and 
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pressure applications. For example, the 
consistometer tests showed that some of the 
cements stiffen rapidly at a pressure of 
5000 lb. and 180°F. and not one remained 
below a consistency of 40 “‘poises” for any 
practical length of time at 5000 lb. pressure 
and 220°F. Under normal conditions actual 
cementing temperatures may not be so 
high, but frequently delays occur during 
cement jobs, so that the slurry may ap- 
proach normal formational temperatures, 
necessitating placement after the slurry has 
begun to stiffen rapidly. The strength tests 
showed that it is detrimental to strength to 
stir or pump a stiffening slurry, therefore 
the obvious conclusion is that none of the 
cements tested would be satisfactory for 
field use at pressure and temperature 
conditions of 5000 lb. and 220°F. 

The practical solution of the high-tem- 
perature and pressure cementing problem 
will probably come from the development 
of cements so effectively retarded at higher 
temperatures and pressures that the slurry 
may be pumped easily into place before 
rapid stiffening begins. 

During this investigation some time was 
given to the subject of cement-set retarders. 
Among the more effective set retarders, one 
allowed a cement slurry to stir at a low 
consistency at 180°F. and 2000 lb. pressure 
for well over 7 hr. before final stiffening 
began. This cement was over-retarded, but 
the test points to the fact that it would 
probably be practical at much higher 
temperatures and pressures. Further, these 
tests show that it is possible to meet 
demands of consumers for cement retarded 
for higher temperatures and pressures. 

In addition to the importance of having a 
slurry that may be pumped to final place- 
ment before stiffening begins, it is also 
desirable to know something of the quality 
of the slurry and its ability to displace 
drilling fluids properly. 

All of the cements, except the standard 
Portland cement, show the undesirable 
characteristics of giving up free water, and 
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of allowing the cement particles to fall 
partially from suspension. The seriousness 
of free water separation from cement 
slurries is difficult to evaluate properly. It 
contributes to nonuniformity and will, in 
all probability, act in a manner that will 
cause a poor cement job in a well. Water 
separation during a cement job may cause 
water pockets or bridges in the set cement, 
or water may be lost to porous formations 
under pressure, leaving a slurry that might 
set up much more rapidly than the initial 
slurry. Water separation from cement 
slurries is generally an inherent character- 
istic, and some observers have attributed 
it to the combined effects of sedimentation 
and a kind of syneresis. However, since 
both phenomena are generally thought of as 
characteristic of a static condition, the 
theory does not satisfactorily explain water 
separation from a cement slurry in a state 
of continuous agitation. 

Another physical characteristic of cement 
slurries, which may have a great bearing on 
the success of a cement job, is a kind of 
premature stiffening due to the existence of 
what colloid chemists know as a false body 
system. When the ordinary proportion of 
water is mixed with cement, a thin, almost 
waterlike slurry is formed. If, after thor- 
ough mixing, the slurry is allowed to stand 
in an open vessel at room temperature for a 
few minutes, observation will reveal that 
the slurry has been transformed into a 
semisolid or a plastic state. The vessel may 
be inverted without causing any slurry 
movement but if the mass is agitated it will 
again form a reasonably thin slurry. The 
longer the mass is allowed to stand in an 
undisturbed plastic state, the more difficult 
it is to break it up. On the contrary, if the 
slurry is subjected to prolonged stirring 
from the beginning, the tendency for false 
body systems to develop is greatly reduced. 

False body systems are greatly influenced 
by high temperature. Certain consistometer 
tests at high temperatures could not be 
made because false body systems developed 
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so quickly that the stirring mechanism 
could not be made to rotate even with a 
stirring force sufficient to shear a fluid 
having a viscosity of more than 300 
‘‘noises.”’ This condition was an extreme 
case, where the high temperature caused 
the false body condition to develop into a 
flash set, but it demonstrates that these 
effects may have a great bearing on the 
success of a cement job. 


The behavior of cement slurries while 


being pumped through casing is so intri- 
cately governed by the rate of shear, and by 
temperature and pressure conditions, that 
the type of flow and the effect of the exist- 
ence of false body systems are matters of 
conjecture. However, it seems that in the 
light of the advances made in the study 
of the properties of cement slurries, all the 
contributing factors point to the possible 
occurrence of plug-type flow in oil-well 
casing. Some of the factors that may 
contribute to plug flow are: (1) the tend- 
ency to develop a false body condition 
while pumping in large casing where agita- 
tion is rather weak; (2) the tendency of the 
slurry to give up free water, thereby 
lubricating the walls of the casing, and 
forming a fluid envelope through which the 
plug may slide easily; and (3), the fact that 
increasing temperature and pressure ac- 
celerate the other factors. 

The fact that plug-type flow may develop 
at high temperatures and pressures where a 
poor quality of cement is used does not mean 
that such a condition would stall the pumps 
and prevent landing of the plug. On the 
contrary, laboratory tests (Fig. 8) have 
proved that a slurry may be moved more 
easily when moved as a solid mass, shearing 
only at the wall, than when uniformly 
stirred, which indicates that a cement not 
testing up to par*may be pumped in plug 
flow to bottom, then thick semiplastic 
cement stringers may push up through the 
drilling fluid by way of least resistance and 
another bad cement job be “buried.” If 
well conditions are not particularly rigorous. 


a 
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perhaps no future difficulty will arise; on 
the other hand, if much depends on the 
strength and uniformity of the cement 
around the casing, failure may introduce 
endless trouble and expense. 

Again, the need for cements that are 
more effectively retarded at high tempera- 
tures and pressures is indicated. Retarding 
should be accomplished without introduc- 
ing an accelerated false set, the cement 
particles should be held in suspension, 
slurries should not give up free water or 
“bleed,” and should have a low, uniform 
consistency during weak agitation. The oil- 
well cements tested mixed to slurries of low 
initial consistency, but on standing or 


_ during weak agitation developed false body 


conditions and gave up large quantities of 


_ free water. As shown in Fig. 8, when incom- 


- pletely agitated all of the oil-well cements 


developed plug-type motion in the con- 
sistometer and gave up considerable free 


_ water, whereas ordinary Portland cement 


* 


: remained uniform and did not give up any 


appreciable quantity of free water. There- 
fore it appears that many of the present 
oil-well cements are retarded at the expense 
of other very desirable qualities. If a 
cement could be retarded either by chemical 
treatment or by other processing, so that it 
would retain all the desirable qualities of 
Portland cements, it is very likely that the 
tendency toward plug-type flow at high 
temperatures and pressures would be 


- greatly reduced. 


The nearest practical proof and example 
of the inability of some cements to remain 


properly fluid while being pumped down 


long strings of casing at high temperatures 
and pressures is often indicated when the 


plug is drilled. In deep wells of high tem- 


perature, 1000 ft. or more of cement scale 
is often encountered before the drill bit 
reaches the cement plug. This probably is 
due to the false body and flash-set phe- 
nomena. Too frequently the driller reports 
that the cement plug is “drilling soft.” 
Cores taken while drilling the plug fre- 
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quently show a cement that is chalky in 
appearance, soft, weak, porous, permeable, 
and, in general, closely resembling the 
laboratory specimens that were stirred 
through the stiffening period. 


APPLICATION OF RESULTS 


In order to obtain the maximum protec- 
tion that a cement job can afford, individ- 
ual consideration should be given to every 
operation. Since there are no all-purpose 
cements, data of the type presented herein 
will aid the engineer in selecting the cement 
best suited for his particular problem. In- 
dividual consideration of each problem 
will permit the selection of a cement that 
will produce a slurry to meet the follow- 
ing conditions: 

1. It must have an initial consistency 
that will permit easy handling by the 
pumps at the lowest practical water-cement 
ratio. 

2. It must remain at a low consistency 
for a period of time sufficient to permit 
placement before rapid thickening begins. 

3. It must thicken and take its initial set 
reasonably soon after coming to rest, in 
order to avoid contamination by brines and 
drilling fluids. 

4. It must develop reasonable strength 
in the period during which the well is shut 
down for this purpose. 


CONCLUSIONS 


From the foregoing, it is concluded that. 

1. The effect of high pressure is to greatly 
accelerate the stiffening and setting of a 
cement slurry. 

2. The effect of high temperature in con- 
nection with high pressure is to further 
accelerate the stiffening and setting of a 
cement slurry. 

3. At a pressure of 5000 lb. and 180°F., 
most of the cements tested stiffen too 
rapidly to permit proper placement in a 
deep well. At the same pressure and 220°F., 
all the cements tested stiffen beyond the 
limit of mobility immediately. 
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4. Agitating a slurry at high pressures 
after rapid stiffening begins is detrimental 
to strength of the set cement. 

5. The point on the consistency-time 
curves where rapid stiffening begins should 
be regarded as the maximum recommended 
pumping time, instead of using any as- 
sumed viscosity or consistency limit, such 
as 40 ‘‘poises,” as a “limit of pumpability.” 

6. The practical solution of many of the 
present and future high-pressure and high- 
temperature cementing problems will prob- 
ably be solved when cements are improved 
so as to permit the placement of a uniform, 
mobile, and good quality slurry at any 
given practical high temperature and 
pressure. 

It is beyond the scope of this paper to 
deal with all the factors that have a bearing 
on cement slurries, or to set forth a specifica- 
tion to be used as a guide in the selection 
and use of cements. It is, however, intended 
to point out to the users and manufacturers 
of cements that the hitherto neglected 
effects of pressure on the physical proper- 
ties of slurries are actually matters of 
serious consideration, and to call attention 
to one theory—namely, the plug flow 
phenomenon, discussed herein—which may 
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be used to explain why the drastic thicken- 
ing effect of high temperatures and pres- 
sures have not been readily obvious from 
pump pressures in the field. 
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Measurements of the Viscosities of Oils under Reservoir 
Conditions 


By C. R. Hocorr* anp Stuart E. Buckiry,* Mrmserrs A.I.M.E. 


(New York Meeting, February 1940) 


THE viscosity of the oil in the reservoir is 
one of the properties that influence its 
movement through the sand to producing 
- wells. Measurements of viscosity, therefore, 
are pertinent to problems associated with 
_ well behavior and with the estimation of 
recoveries, and afford an indirect means for 
partial evaluation of various methods of 
controlling reservoir behavior. The effect 
of dissolved gases on the viscosity of crude 
oil has been determined,!-? but no data have 
_ been published on the viscosity of repre- 
sentative samples of reservoir oils. This 
paper describes a simple instrument that 
_ has been used to determine the viscosities 
- of a number of subsurface oil samples at the 
temperatures and pressures existing in the 
reservoirs, and presents the results of the 
determinations for typical fields. 


CONSTRUCTION OF THE APPARATUS 


The principal requirements of any in- 
strument used for the examination of 
subsurface samples are that it be strong 
and simple both in design and in method of 
operation. Accuracy beyond that of the 
degree of reproducibility of subsurface sam- 
ples from various wells in a reservoir or 
exceeding that of the common measure- 
ments of reservoir temperatures and pres- 
- sures is not required. Because of the expense 
of procuring subsurface samples, it is 
necessary also that the instrument operate 
on a relatively small fraction of a sample, 
leaving the remainder for other tests, and 
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that there be few or no failures of the equip- 
ment to cause undue delay or loss of a 
sample. 

After preliminary experiments with a 
falling bullet, the results of which were not 
satisfactory, a simple viscosimeter was built 
of the rolling ball type first proposed by 
Flowers’ and later used by several investiga- 
tors.4:5.® The apparatus consists essentially 
of a removable, accurately bored cylindrical 
barrel of 14-in. nominal internal diameter, 
8 in. long, in which a closely fitting steel 
ball rolls through the oil with the barrel in- 
clined at a definite angle. The ball makes 
contact at one end of the barrel with an 
insulated electrode, closing an electrical 
circuit, which actuates a buzzer. The meas- 
urements consist essentially in determining 
the time required for the ball to travel the 
length of the barrel. 

The details of the construction are shown 
in Fig. 1. The barrel in which the ball rolls 
was made from a section of 25-caliber blank 
rifle barrel, specially bored to an exact uni- 
form diameter and polished. The barrel 
slides snugly into a hole bored in a solid 
stainless-steel cylinder, an upper external 
shoulder of the barrel compressing a small 
spring, and is held in place by a hollow nut. 
The spring prevents the barrel from seating 
against the bottom of the bored hole in the 
cylinder, while narrow external longitudinal 
slots in the barrel permit fluid to flow 
around it and through the bottom. 

The upper part of the recess in the steel 
cylinder is enlarged to form a tapered 
chamber, which acts as a reservoir for the 
oil and affords space for agitation to ensure 
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equilibrium between the gas and oil. The 
taper permits the ball to roll readily into 
the barrel when the instrument is at an 
angle of inclination of 75°. The upper end 
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Fic. 1— DIAGRAM OF PRESSURE VISCOSIMETER. 


of the chamber is sealed by a polished pis- 
ton seated on a shoulder, the closure made 
with a neoprene gasket of area smaller 
than that of the lower surface of the piston. 
The primary gasket compression is effected 
by means of a hollow nut, which slips over 
the piston. 

A retractable plunger with a polished 
lower surface is screwed through the cylin- 
der head in such a fashion that it is accessi- 
ble and may be turned with a small wrench 
while the instrument is immersed in a high- 
temperature bath. While the viscosimeter 
is being charged with oil or the contents 
being agitated to bring about equilibrium, 
the plunger is kept partly or fully retracted. 
During the course of a measurement, how- 
ever, the plunger is screwed into the cylin- 
der, sealing the upper end of the barrel and 
simultaneously sealing the lower end of the 
barrel by pressing it against a gasket in the 


bottom of the bored recess in the cylinder. 
Since the pressure is at all times equal in- 


side and outside of the roll barrel, the in- — 
strument has no pressure coefficient, and — 


the double sealing of the barrel adequately 
prevents leakage during a measurement. 


The steel cylinder is mounted on trun- © 


nions so that it may be rotated through an 


angle of approximately 330°. The trunnion ~ 


bearings are set in aluminum plates, which 
in turn are fastened to a third aluminum 
plate equipped with four leveling screws. 
The supporting plates were set carefully 
perpendicular to the base plate and ma- 
chined accurately with the tops parallel 
to the base and of the same height, to 
permit use of an ordinary bubble-type level 
in aligning the instrument for a viscosity 
measurement. Handles on the plates make 
the instrument readily portable. 

The trunnion plates have one fixed stop, 
consisting of a cylindrical bar, which gives 
the barrel an angle of inclination of approx- 
imately 75° from the horizontal, and two 
removable positive stops at angles of in- 
clination of approximately 23° and 11°, 
permitting the roll time to be varied in the 
ratios of approximately 4: 2:1 for any given 
viscosity and size of barrel and ball. Addi- 
tional flexibility in the roll time is obtained 
through the use of removable roll barrels 
and balls of different diameters. The roll 
time usually is kept between 20 and 60 sec. 
For the range of viscosity thus far encoun- 
tered, 0.5 to 10 cp., barrels of 0.250 and 
0.252-in. diameter with a ball of 0.243-in. 
diameter have sufficed. 

The bottom of the cylinder enclosing the 
barrel is closed by means of an adapter nut, 
which carries the electrode. The electrode 
consists of an insulated copper wire passing 
through the adapter, with the pressure 
sealed by means of a small Bakelite cone 
compressed into a tapered recess and about 
the wire by a tapered follower ring and nut. 
No trouble whatsoever has been experi- 
enced with the electrode through either 
electrical leakage or fluid leakage in ap- 
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proximately a year’s operation. Similar 
cones have been used satisfactorily for 
sealing silk-wrapped two-lead thermo- 
couples through a single entrance against 
pressure, the Bakelite being the only 
material tried that would not twist off the 
wires during compression of the cone. 

The auxiliary apparatus consists of a 
vacuum-tube relay and buzzer circuit for 
indicating the instant of contact of the ball 
with the electrode, a calibrated steel-tube 
bourdon pressure gauge, a manifold with 
valves for admitting and withdrawing the 
sample, and a water bath with electrical 


_ heating coils and thermostat. A small filter, 


used only when absolutely necessary, is 
placed in the line between the manifold 
and the viscosimeter in such a position that 
the sample will be filtered at the reservoir 
temperature. 

Viscosity determinations can readily be 
made on as little as 20 c.c. of liquid. The 
entire system, including the viscosimeter, 
pressure gauge, manifold, and connect- 
ing 18-in. steel tubing requires a charge 
of approximately 80 c.c. of saturated 
subsurface oil, less than 20 per cent of 
the contents of the usual subsurface 
sampler. 

Because of the small clearance between 
the rolling ball and the barrel, absolute 
cleanness is essential to successful opera- 
tion. After each series of measurements, the 
barrel is removed, washed with ether, and 

polished with a silk rag, and the cylinder 
and connecting lines are washed carefully 
with ether and evacuated. 


CALIBRATION 


The instrument was calibrated before use 
and is recalibrated from time to time with 
a series of fluids consisting of hexane, kero- 
sene, a light lubricating oil, and various 
blends of these three materials. The viscos- 
ities of the calibrating fluids were deter- 
mined with a Ubbelohde suspended level 
capillary instrument calibrated by the 
National Bureau of Standards. The densi- 
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ties of the calibrating fluids were deter- 
mined with a pycnometer. 

Calibration charts were prepared for a 
given size barrel and ball by plotting the 
absolute viscosity of each fluid against the 
product of the roll time and the difference 
in density between the fluid and the ball, 
according to the method suggested by 
Kennedy and used by Sage.® Typical cali- 
bration curves are shown in Fig. 2 for a 
barrel of 0.250-in. internal diameter and a 
ball of o.243-in. diameter at the three 
angles of inclination. 


EXPERIMENTAL PROCEDURE 


Measurements at reservoir temperature 
are made with the instrument immersed 
in a water bath, the temperature of which 
is controlled to +o0.5°F. Oil and gas are 
expanded into the viscosimeter, through 
steel tubing 14 in. in outside diameter, 
direct from a subsurface sampler of which 
the contents have been saturated pre- 
viously, During charging, the retractable 
plunger is turned to a position midway 
between the seated and fully retracted 
positions, with the ball in the enlarged 
portion of the cylinder. The partly re- 
tracted plunger prevents the ball from 
entering the roll barrel but permits fluids to 
pass back and forth freely. The charging is 
done with the viscosimeter tilted to the 
position with the electrode up and the 
enlarged part of the cylinder down, so that 
during the initial stages of charging the oil 
is retained in the enlarged part of the 
cylinder and only gas is trapped in the 
barrel. As the pressure in the instrument 
builds up with the addition of oil and gas, 
the oil is resaturated by vigorous rocking of 
the cylinder, the ball assisting in keeping 
the oil homogeneous. Charging is con- 
tinued until the oil in the viscosimeter is 
completely resaturated and the pressure 
considerably exceeds the saturation 
pressure. 

The plunger is then retracted the full 
amount, the cylinder tilted to the 75° 
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inclination, the electrical system con- 
nected, and the ball allowed to enter the 
barrel. The falling ball acts as a pump, 
displacing the oil in the barrel down and 
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Fic. 2,—CALIBRATION CHART FOR 0.243-INCH 
BALL IN 0.250-INCH BARREL. 


out the bottom and up through the external 
slots in the barrel to the enlarged upper 
part of the cylinder. When the buzzer 
indicates completion of the fall, the cylinder 
is rotated to the reverse position and the 
ball allowed to roll out of the barrel, flush- 
ing the oil downward into the enlarged 
part of the cylinder, with the barrel replen- 
ished through the external slots. Oil is thus 
pumped back and forth between the barrel 
and the cylinder a number of times to 
ensure absolute homogeneity. 

The ball is then allowed to enter the 
barrel and the retractable plunger is seated 
firmly on the top of the barrel, compressing 
the spring, and simultaneously seating the 


barrel against the lower gasket. The cylin- 


der is rotated to approximately a vertical 
position with the electrode end up, suffi- 


Viscosity: Centipoises 


cient time allowed for the ball to travel the 
length of the barrel and stop against the 
plunger, and the cylinder then rotated to 
a position just short of horizontal. The roll 
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FIG. 3.—VISCOSITY OF RESERVOIR OILS. 


time is then determined by rotating the 
cylinder suddenly until it strikes the posi- 
tive stop with the electrode down; the time 
for the ball to reach the electrode and 
sound the buzzer is measured with a stop- 
watch. Several determinations are made, 
usually at two angles of inclination. The 
roll times are readily reproducible to 0.2 
second. 

After determination of the roll time in 
the supercompressed saturated oil, the 
plunger is retracted slightly and the pres- 
sure reduced by withdrawing a slight 
amount of oil through the inlet connection, 
the plunger is reseated and the roll time 
determined at the new pressure. After the 
saturation pressure has been reached, gas 
or gas and oil are withdrawn in increments 
with the plunger fully retracted and the 
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enlarged part of the chamber up. After each 
withdrawal, the fluids in the cylinder are 
agitated by rotating the cylinder back and 
forth from a horizontal position until 
the pressure becomes constant, indicating 
equilibrium between the residual oil and 
gas. The plunger is then reseated and the 
roll time measured as before. This proce- 
dure is repeated until the pressure in the 
viscosimeter has been reduced to atmos- 
pheric. The determination of the complete 
curve for pressure versus roll time requires 
_ usually 3 to 4 hr. Occasionally some diffi- 
culty is experienced in attaining equilib- 
rium at atmospheric pressure, in which case 
_ the instrument is usually allowed to stand 
for several hours or overnight before this 
_ point is determined. 
After completion of the determination at 
- atmospheric pressure, the residual oil is 
drained from the pressure viscosimeter and 
__ the viscosity determined at the same tem- 
perature with the Ubbelohde viscosimeter. 
_ This furnishes a check on the operation of 
the pressure viscosimeter for each series of 
_ measurements. 

The density of the residual oil drained 
from the viscosimeter is determined at room 
temperature with a pycnometer and cor- 

rected to the reservoir temperature with the 
National Standard Petroleum Oil Tables. 
The density of the saturated oil charged to 
_ the viscosimeter is determined separately 
during the course of the regular examina- 
- tion of subsurface samples. The density at 
the intermediate pressures is estimated by a 
_ linear interpolation. Since the density of 
the steel ball is 7.85 grams per cubic centi- 
meter, and the density of most of the oils 
_ examined is of the order of 0.7 to 0.8 grams 
_ per c.c., estimation of the oil density to the 
nearest 0.07 gram per c.c. suffices to give an 
accuracy of 1 per cent in the density differ- 
ence. The viscosity at each pressure is 
determined by multiplying the roll time by 
the corresponding density difference and 
reading the appropriate value from the 
: calibration curve. 
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EXPERIMENTAL RESULTS 


Viscosity-pressure relations have been 
determined on a total of 41 subsurface sam- 
ples from 18 different fields, covering a pres- 
sure range up to 4200 lb. per sq. in. and 
temperatures up to 190°F. 

The results on samples from four typical 
Texas fields are shown in Fig. 3. In all of 
these determinations, the viscosity was 
measured at the reservoir temperature for 
each field, without filtering the samples, and 
at pressures from a value in excess of the 
saturation pressures down to atmospheric. 

The portion of the curve above the satu- 
ration pressure represents the increase of 
viscosity with pressure on the homogeneous 
saturated oil with all of the gas dissolved. 
This increase of viscosity with pressure is 
characteristic of all liquids. The saturation 
pressure, or bubble point, is the pressure at 
which gas is first released from solution. 
Below the saturation pressure, the escape of 
gas from solution with further reduction in 
pressure reduction increases the viscosity of 
the residual oil to a greater extent than it is 
reduced by the pressure decline, resulting in 
a net increase in viscosity. The saturation 
pressure of the oil is thus identified in the 
viscosimeter through the minimum in the 
viscosity-pressure curve. The saturation 
pressures thus determined check with those 
determined by pressure-volume measure- 
ments on separate portions of the same sub- 
surface sample. The increasing slope of the 
viscosity-pressure curve as the pressure 
approaches atmospheric reflects in part the 
increasing richness of the liberated gas and 
loss of the more volatile fractions of the oil. 
The slopes of the viscosity-pressure curves 
vary from field to field with the nature of 
the oil and its dissolved gas. 

Curve 1 on Fig. 3 shows data on a sample 
from the Frio sand in the lower Oligocene 
formation in southwest Texas. The sample 
was taken from a depth of 4700 ft. and had 
a saturation pressure of 2150 Ib. per sq. in. 
gauge at the reservoir temperature of 
158°F. When flashed to atmospheric pres- 
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sure at 78°F, the sample yielded 803 cu. ft. 
of gas per barrel of residual oil. The specific 
gravity of the gas was 0.84 and the gravity 
of the oil was 45.7° A.P.I at 60°F. 

Curve 2 shows data on a sample from the 
Palo Pinto lime in North Texas, taken at a 
depth of 3230 ft. The saturation pressure 
was 725 lb. per sq. in. gauge at the reservoir 
temperature of 128°F. When flashed to 
atmospheric pressure at 78°F., the sample 
yielded 293 cu. ft. of gas per barrel of 
residual oil. The specific gravity of the gas 
was 1.10 and the gravity of the oil was 
41.5° A.P.I. at 60°F. 

Curve 3 shows data on a sample from the 
Frio sand in the lower Oligocene in the 
Gulf Coast of Texas. The sample was taken 
from a depth of 5800 ft. and had a satura- 
tion pressure of 2700 lb. per sq. in. gauge 
at the reservoir temperature of 164°F. 
When flashed to atmospheric pressure at 
80°F., the sample yielded 385 cu. ft. of gas 
per barrel of residual oil. The specific 
gravity of the gas was 0.65 and the gravity 
of the oil was 26.1° A.P.I. at 60°F. 

Curve 4 shows data on a sample from the 
Permian lime in West Texas. The sample 
was taken at a depth of 4430 ft. and had a 
saturation pressure of 625 lb. per sq. in. 
gauge at the reservoir temperature of 
too°F. When flashed to atmospheric pres- 
sure at 80°F., the sample yielded 191 cu. ft. 
of gas per barrel of residual oil. The specific 
gravity of the gas was 1.12, and the gravity 
of the oil was 29.7° A.P.I. at 60°F. The 


liberated gas contained about 19 per cent — 


by volume of hydrogen sulphide. 


CONCLUSION 


A simple rolling-ball viscosimeter has — 


been constructed, which has been used 


successfully for routine determinations of — 


the viscosity of subsurface samples of oil at 
reservoir temperatures and pressures. 

The instrument is adaptable to the meas- 
urement of a wide range of viscosities 
through positive variation of the roll angle, 
variation of the diameter of the barrel, and 
variation of the size of the ball. 


It has been found, through examination © 


of a large number of subsurface oil samples, 
that the viscosity of an oil is a minimum at 
the saturation pressure and that the release 
of dissolved gas attending reduction of the 
reservoir pressure results in increased 
viscosity of the residual oil. Because of the 
nature of the variations of the viscosity with 
pressure, direct measurements on subsur- 
face samples appear to be the only feasible 
method for determining the viscosity of any 
particular oil under reservoir conditions. 


REFERENCES 


1, C. E. Beecher and I. P. Parkhurst: Petr. Dev. and 
Tech. in 1926, 51-63, A.I.M.E., 1927. 

2. B. H. Sage, R. Mendenhall, and W. N. areh 
Amer. Petr. Inst. Prod. Bull. No. 216 (1935). 

. A. E. Flowers: Proc. Amer. Soc. Test. Mat. (1914) 
14, 565-616. 

M. D. Hersey and H. Shore: Mech. Eng. (1928) 50, 
221-232. 

. B. H. Sage: Ind. and Eng. Chem. Anal. Ed. (1933) 
5, 261-263. 
Pie Exline and H. J. EnDean: Amer. Petr. Inst. 
eee Meeting, Nov. 17, 1938. 


fe a 


ee a ee ee 


—————— aan aeeneeinnel 


Pressure Distribution about a Slotted Liner in a Producing Oil 
Well 


By Frank G. Mitter,* Junior Memper A.I.M.E. 


(New York Meeting, February 1940) 


Tue lower cost of producing oil from 
naturally flowing wells compared with pro- 
duction costs accruing from artificial lifting 
methods has stimulated much research, 
with the joint purpose of extending the 
natural flowing life of wells and of increas- 
ing the productivity of small wells. The 
laboratory investigation described herein 
was made to determine the effect of a 
slotted liner on the pressure gradient in the 
vicinity of the wall of a flowing well. Flow 
restrictions caused by the liner induce 
energy losses between the oil-bearing for- 
mation and the inside of the liner, which 
may be reduced by improved liner design, 
and thereby the flow capacity of wells may 
be increased. These losses have been evalu- 
ated for rectangular slots of different sizes, 
and means are suggested for reducing them. 

The dearth of information concerning the 
nature of the flow of fluids from uncon- 
solidated sands through small openings in 
the walls of pipes—as represented by the 
flow of oil from an oil sand into a slotted 
liner—is acknowledged. Although the bene- 
fits to be realized by operators through the 
use of optimum liners is just beginning to 
be recognized generally, Coberly! in 1937 
pointed out that the functioning of screen 
casing is an important factor in the pro- 
duction of oil. From his study on the 
selection of size of oil strings for wells in 
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California, Parks? concluded, in part, that 
the perforated section of the oil string de- 
serves continued study, especially with 
respect to the selection of perforations. 

The growing use of gravel packing result- 
ing from certain research findings lends 
even more significance to the problem of 
selecting optimum liners, as the application 
of these methods usually requires slotted 
liners or other kinds of perforated liners. 

The present study was made to obtain 
further information for the guidance of 
engineers and operators in selecting slotted 
liners and to develop a laboratory method 
that may be used in analyzing possible 
pressure conditions surrounding most types 
of perforated casings used in producing oil 
wells, so that the present inadequate fund 
of knowledge on this important subject 
may be expanded. 


DISCUSSION OF PROBLEM 


At the beginning of the investigation the 
following assumptions were made regarding 
bottom-hole conditions of a producing oil 
well and the oil-sand reservoir it penetrates: 
(1) Conditions of steady-state flow exist, 
(2) a single-phase homogeneous liquid is 
being produced, (3) no contaminating 
material (such as drilling fluid) is present 
between the liner and the face of the oil- 
bearing sand, (4) the well is vertical and 
completely penetrates a horizontal sand 
stratum of uniform thickness occurring 
between two impermeable strata, and (5) 
the flow is wholly viscous. 

If the foregoing assumptions are made, 
with the added requirements that the sand 
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be immobile and of constant permeability 
and that no liner be present, the pressure 
in the sand can be shown to vary with the 
logarithm of the radial distance from the 
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well axis, in accordance with the radial flow 
equation® 


pe omkh 


OH in (*) +Py — {r] 
where P is the pressure at a radial distance r 
from the well axis, Q the volumetric rate 
of production, » the fluid viscosity, h the 
sand thickness, k the sand permeability 
and P,, the pressure at the sand face rw, the 
well radius. 

The pressure distribution indicated by 
equation 1 would not exist in the vicinity 
of the well wall if the sand were uncon- 
solidated or a liner were present. For 
convenience in discussing the pressure dis- 
tribution in the sand next to a liner, refer- 
ence is made to Fig. 1, showing a schematic 
diagram of pressure conditions in the sand 
for a single flow rate. The pressure distribu- 
tion for purely radial flow is shown by 
curve I, in which the pressure difference 
between some point in the formation re- 
mote from the well and some point at the 
sand face is (Py — P.), Py being the for- 
mation pressure and P,, the pressure at the 
well wall. 


PRESSURE DISTRIBUTION ABOUT A SLOTTED LINER IN A PRODUCING WELL 


If a slotted liner is present the stream- 
lines must converge more than they do for 
radial flow so that the fluid will pass into — 
the slots. This crowding of the flow ine 
in the sand near the slots causes an addi- 
tional loss in pressure head equal to- 
(P» — Pu’) in the diagram. Curve II indi-— 
cates the pressure distribution in the sand 
when only the additional streamline con-— 
vergence is considered and shows that the 
flow would be radial beyond this region of © 
slot influence, but that the pressure gradi-— 
ent near the well wall would be steeper 
because of it. Further, the abscissa of the — 
point where curve II starts to deviate from 
curve I affords a measure of the outer limit _ 
of the region of slot influence. 

Actually, an unconsolidated oil sand is 
held back by a liner as the sand forms a 
bridge over each slot, even though some 
of the grains may have equivalent spherical 
diameters less than. the slot widths. On a 
theoretical basis, it may be predicted that ; 
the sand bridge would be in the form of an 
arch and that the smaller grains at the 
arch would be wedged tightly between the 
larger grains. It follows that the sand bridge 
probably would have a lower permeability 
than the main sand body beyond, so that 
an additional loss of head would result. In 
contrast it may be contended with equal 
logic that a sand bridge could form by tight 
wedging of larger grains and a removal of 
fine grains through a slot before the actual 
bridging effect began. Under this condition 
the resulting permeability of the sand just 
outside a slot would be greater than that 
of the main sand body beyond, so that the 
effective head loss due to bridging could be 
zero or negative. Curve ITI, illustrating the 
condition where wedging of the smaller 
grains between the larger grains decreases 
the permeability of the sand at the bridge, 
includes both the head loss due to con- 
vergence (P,, — Py’) and a positive head 
loss due to bridging (P.’ — Pw’’), so that 
the pressure difference between some point 
in the formation remote from the well and 
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some point at the outside wall of the liner 
would be (P; — P.,’”). It will be apparent 
that curve III deviates from the radial flow 
curve at a distance limiting the region of 
slot influence and that within this region 
the pressure gradient is fairly steep because 
of the combined effect of streamline con- 
vergence and bridging, 

In field practice the formation pressure 
(P;) is taken as the static bottom-hole 
pressure, determined after a well has been 
shut in long enough to permit equilibrium 
conditions to become established in the 
sand. The bottom-hole pressure can be 
determined while a well is producing at a 
constant rate. This pressure is P,.”’ in the 
diagram, if the head loss due to the “ orifice 
action”’ of the slots is neglected. Head loss 
due to orifice action is the pressure drop 
that occurs across the slots even if no sand 
is present (similar to the pressure differ- 
ential across an orifice in the flow of fluids 
in pipe lines), but as this loss was found to 
be relatively small it is neglected in this 
analysis. 

As an aid in the discussion of experi- 
mental methods for use in determining 
convergence and bridging losses, the pres- 
sure-distribution curves of Fig. 1 are plotted 
on semilogarithmic paper in Fig. 2, with 
the pressure at the well wall taken as the 
datum. 

Equation 1 indicates that the pressure 
curve for purely radial flow is a straight 
line on semilogarithmic paper and that this 


E r 
line terminates at point (2 = r) and 


(P — Pw = 0) if the well-wall pressure is 
taken as the datum. Curve I, Fig. 2, illus- 
trates the pressure gradient in the sand 
under conditions of radial flow. If a slotted 
liner is present and if the hypothesis is pro- 
posed that the sand is homogeneous to the 
outside wall of the liner, the pressure distri- 
bution beyond the region of convergence 
would be represented by a straight line 
parallel to the radial flow curve on semi- 
logarithmic paper, but within this region 
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the pressure gradient would be steeper, as 
shown by curve II. Similarly, curve III 
represents the conditions where both con- 
vergence and bridging are manifest. 
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Fic. 2—SCHEMATIC DIAGRAM SHOWING PRES- 
SURE DISTRIBUTION NEAR WELL WALL. 
All curves apply to a single flow rate. 


If curves II and III are extrapolated to 
the pressure axis, their equation, consider- 
ing one constant flow rate, would have the 
form 


P— Py = mlog(~) +5 [2] 


where m is the slope and 0 the intercept on 
the pressure axis. Slope m, for either curve, 
depends on the volumetric rate of flow, the 
sand thickness, the fluid viscosity, and the 
permeability of the sand beyond the region 
of slot influence. If only streamline con- 
vergence is considered, 6 would depend on 
the slot pattern and on the slot dimensions, 
and the magnitude of 6 would represent the 
additional pressure loss (Pc) due to con- 
vergence. In the actual case, b would 
depend also on the added flow resistance 
due to the sand bridge (assuming a positive 
head loss due to bridging), so that 
b = Pc + Pz in Fig. 2. 

In evaluating the experimental energy 
losses, data were obtained with laboratory 
apparatus designed for use in determining 
values of 6 (equation 2) or total losses 
corresponding to rectangular slots of differ- 
ent sizes. The part of the total loss due to 
convergence was computed from the results 
in each instance. Measurements of the 
outer limits of the region of slot influence 
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were made. Head loss caused by the slots 
alone (no sand present) was shown to be 
relatively small. 

Two different sets of laboratory appa- 
ratus were used: (1) a fluid flow through 
sand apparatus (the prototype) and (2) an 
electrolytic conduction model made similar 
to the prototype. Each apparatus simulated 
the objective and was built so that the 

potential distribution across a radial sector 
adjoining the well could be measured. 

Through the physical analogy of hy- 

-draulic and electric currents, the voltage 
potentials incident to the flow of electric 
current through the electrolyte in the 
electrolytic conduction model correspond 
_to the pressure differentials incident to the 
flow of fluid through the porous medium 
in the prototype. However, the conducting 
medium of the model could be made uni- 
form to the well wall, whereas the sand in 
the prototype could not, principally be- 
cause of bridging over the slots. Thus the 
electrical model could be used to determine 
convergence losses alone, and the fluid-flow 
apparatus could be used to determine losses 
resulting from convergence plus bridging 
and losses caused by the slots alone (orifice 
action). Hence, experiments could be per- 
formed on both sets of apparatus and the 
results properly combined to show the re- 
spective losses from convergence and 
bridging for some rectangular slots of 
different sizes. 


APPARATUS 


Fluid Flow through Sand Apparatus.— 
The fluid-flow apparatus (Fig. 3) was de- 
signed to simulate the flow conditions 
about a single slot in an actual liner. The 
apparatus was built so that a volume of 
sand of uniform thickness (3 in.) under an 
area in the form of a 45° sector would be 
drained through a single test slot in each 
experiment, which simulates the flow con- 
ditions about one slot in an actual liner 


having eight rows equally spaced about its . 


circumference. For ease of construction, the 


t 


. 
- 
> 


IAI 


apparatus was designed as a wedge-shaped 
pressure vessel (plan view, Fig. 3). Thus 
the sand with which the vessel was packed 
had the form of a triangular block 3 in. 
thick with two equal 48-in. sides that would 
intersect at the well axis if projected. The 
angle between the equal sides of the sand 
block was 45°. The triangular shape of the 
vessel (in contrast with the theoretical 
sector of a circle) did not prevent the flow 
in the sand from being radial some distance 
from the experimental well, as is shown 
later in the section on Experiments on Flow 
of Fluid through Sand. 

The pressure vessel was designed so that 
the deflection between the upper and lower 
plates would be negligible during a test. 
The desired deflection requirements were 
satisfied by constructing the tank with a 
composite of cast and welded metal parts. 

The flanged outlet piece was cast iron, 
and the remainder of the built-up part of 
the vessel was made from boiler plate with 
standard 6-in. I-beams and 2-in. T-beams 
welded as reinforcing members. The inlet 
piece accommodated a 1-in. pipe fabricated 
in the form of a T and having numerous 
vertical saw cuts, as shown in the sketch, to 
ensure adequate distribution of incoming 
liquid. 

The brass experimental well, which has 
a I-in. outside diameter and a 14 ¢-in. wall 
thickness, was machined to fit the outlet 
casting snugly. As only a 45° section of 
the lateral surface of the well could be 
opposite the sand in any one test several 
slots of preassigned lengths and widths 
were cut in the same well and used 
independently. 

The pressure taps are short }4-in. stand- 
ard pipe nipples having fine brass screens 
soldered to the ends that screwed into the 
tank, but they do not extend beyond the 
inner surface of the tank. 

Only one manometer assembly is shown, 
but it was possible to change the assembly 
so that these instruments could be used to 
the best advantage in each experiment. 
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Description of Electrolytic Conduction 
Model.—In constructing the electrical anal- 
ogy apparatus (Fig. 4), a wooden tank, 
open at the top and containing a weak 
solution of sodium chloride through which 
an electric current could be passed, was 
made similar to the sand-filled pressure 
vessel of the fluid-flow experiments, in that 
the depth of the electrolyte was 3 in. in the 
container, which had the shape of a 45° 
sector. The wood of the tank was treated 
with hot paraffin to render it nonconducting 
to the current. The “ well’? was made from 
a solid circular Bakelite rod 2 in. in diame- 
ter, into which vertical grooves were cut 
to accommodate copper strips that were 
analogous to slots in the prototype. 

Six different strips were cemented in 
grooves in the same Bakelite cylinder, but 
each could be used independently. A copper 
sheet 14 ¢ in. thick was set vertically at the 
inside wall of the tank opposite the well, 
so that it lay along an arc of a circle (or 
cylinder) centered at the well axis. An 
electric current could be passed through the 
electrolyte in the tank between the sheet 
acting as one electrode and a copper strip 
in the “well” acting as the other. 

An exploring probe was used to deter- 
mine the voltage distribution in the tank 
away from the well during current flow, 
but was not employed to obtain potential 
and flow lines in the immediate vicinity of 
the copper strips. The probe was a copper 
rod about 14 in. in diameter, mounted on 
a point gauge assembly but insulated from 
it with Bakelite as shown in the sketch. 
The whole probing device as shown in the 
sketch was designed so that the electrolyte 
could be surveyed with reference to the 
“well” axis. 

The source of power used was the rro- 
volt, 60-cycle local city supply. Alter- 
nating current was employed to minimize 
polarization at the electrodes. The wiring 
diagram of Fig. 4 shows schematically how 
the apparatus was assembled for use. 
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EXPERIMENTS AND RESULTS 


Experiments on Flow of Fluid ae 
Sand.—Total pressure-head losses resulting ; 
from the use of slots were respectively 
measured for five test slots in the fluid-flow © 
apparatus. Head losses resulting from the 
“orifice action” of these slots were meas-— 
ured independently, with no sand in the 
pressure vessel. The convergence losseas 
corresponding to these slots were measured 
in the electrical analogy apparatus. 

Three of the test slots were for two- 
dimensional flow; that is, each of these — 
had a length equal to the sand thickness : 
(3 in.). The widths of these slots, designated — 
as A, B and C, were o.o10, 0.020, and | 
0.032 in., respectively. Slots G and F were 
0.010 and 0.020 in. wide, respectively, but 
were for three-dimensional flow as each was 
only 1% in. long. The well was 1 in. in 
diameter, and in each test the slot was 
placed vertically with its center midway 
between the flat upper and lower plates ; : 
of the pressure vessel confining the sand. 

A cleaned white beach sand from © 
Monterey, Calif., composed essentially of | 
quartz and feldspar grains, was packed in 
the apparatus before each experiment. 

The results of an analysis of the test sand 
with standard Tyler sieves are: 0.2 percent 
on 28 mesh; ro.rt through 28 and on 35; 
56.2 through 35 and on 48; 30.4 through 48 
and on 65; 3.0 through 65 and on 100; and 
0.I per cent through 100 mesh. 

Water was used as the fluid. The particu- 
lar fluid used in experiments of this kind is 
unimportant, as the pressure losses corre- 
sponding to other liquids of known physical 
properties could be computed provided 
Darcy’s law described the flow. 

The inlet end of the pressure vessel 
(Fig. 3) was made flat for ease of con- 
struction, but it was predicted that the 
flow would become radial a short distance 
from the inlet. Pressure differences corre- 
sponding to the highest flow rates were 
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measured between taps 1, 12, 13 and 14 
(all on an arc of a circle centered at the 
well axis) each time the apparatus was 
packed and a different slot placed opposite 
the sand. These pressure differences were 
negligible so that the flow was known to 
be radial between this circle and some inner 
circle limiting the region of slot influence. 

The pressure distribution between tap 7 
and tap 1, corresponding to five constant 
rates of flow, was determined after each 
test slot had been placed opposite the sand. 
The data collected were used to evaluate 
the average permeability of the sand in the 
radial-flow region. In this analysis a con- 
sistent foot-pound-second system of units 
has been used, in which permeability is 
expressed in square feet—admittedly an 
uncommon unit; hence, permeability deter- 
mined in square feet has been converted 
to darcys (darcys times 1.062 X 107}! 
equals permeability in square feet). The 
average permeability of the sand between 
taps 7 and 1 was 54.6, 55.4, 56.4, 50.0, and 
65.6 darcys when slots A, B, C, F and G, 
respectively, were facing the sand. 

After the permeability data or pressure- 
distribution data for the sand between 
taps 7 and 1 had been collected, the pres- 
sure losses in the vicinity of the slots were 
measured for various rates of flow. The 
low-pressure limb of the manometer was 
connected to a tap in the well slightly down- 
stream from the slot (Fig. 3), and the high- 
pressure limb was connected to tap 7 
slightly upstream from the slot and in the 


sand; (Ge) = 2.25, where 7» is the well 


radius and r; the distance between tap 7 
and the well axis. Pressure differentials 
corresponding to various rates of flow, thus 
measured, are caused by the flow resistance 
between tap 7 and the well wall plus the 
loss caused by the “orifice action” of the 
slot. 

The pressure-head losses caused by the 
slots alone for various rates of water flow 
were obtained with the same manometer 


| 


connections, but the apparatus was cleaned 
of all traces of sand. The results of these 
experiments when compared with the re- 
sults of the experiments described in the 
preceding paragraph indicated that a head 
loss caused by the “‘orifice action” of a 
slot is small compared with the corre-— 
sponding loss due to the slot plus the sand 


Y , 
out to (Fy = 2.25; hence the data of 


these two sets of experiments were com- 
bined so that the head loss caused only by - 
the sand between tap 7 and the well wall 
could be determined for any test slot and 
flow rate. These data, when combined, | 
showed that some of the resulting pressure- — 
head loss was caused by partly turbulent 
flow conditions in the sand just outside 
the slot, which indicates that the experi-_ 
mental flow rates were somewhat high. - 
However, it will be significant to point out 
that there was no turbulent flow in the — 
sand beyond tap 7 in any of the permea- 
bility experiments and that the total data | 
collected were sufficient for the determina- 
tion of the pressure distribution in the sand 
between the well wall and tap 1 for any 
test slot or rate of flow. 

Figs. 5 and 6 illustrate results plotted on 
semilogarithmic graph paper for the maxi- 
mum rate at which data on all slots were 
collected and for one lower rate. Each 
curve of Figs. 5 and 6 represents the best 
line through the respective points for the 


five greatest values of (7): where 1, is | 
any particular radial distance from the well 
axis and 7,» is the well radius. The solid 
lines represent the radial part of the flow 
pertaining to the various slots, and the 
dotted parts of the lines are extrapolations 
into the nonradial region. A study of the 
curves reveals that the intercept on the 
pressure axis resulting from an extrapola- 
tion indicates the pressure loss for a particu- 
lar flow rate caused by all additional flow 
restrictions occurring in the sand beyond 
the well wall. 
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It would not be strictly correct to com- 
pare directly the intercepts (corresponding 
to one flow rate) to find the effect of slot 
dimensions, as the viscosity of the water 
and the average permeability of the sand 
differed from test to test. However, the 
magnitude of the ratio of the experimental 
loss, obtained from the fluid-flow experi- 
ments, to the theoretical convergence loss, 
computed from the results of the electrical 
analogy experiments affords a measure of 
the effect of bridging and arching, as related 
to slot size. 

Experiments with Electrolytic Conduction 
M odel.—Six copper strips analogous to slots 

_ were tested in the electrical analogy appara- 
tus. The strips for two-dimensional flow, 
designated as A, B and C, were 0.020, 0.040, 

~ and 0.064 in. wide, respectively. Their effec- 
tive length was 3 in. (the depth of the 
electrolyte in the test vessel). The other 
three strips, G, F and D, also were 0.020, 
0.040 and 0.064 in. wide, respectively, but 
only 114 in. of their length could be exposed 

_ to the electrolyte, hence three-dimensional 

~ flow resulted in tests of these strips. The 
portion of a strip exposed to the electrolyte 

_ extended from the surface to a point 134 in. 

_ below the surface. The diameter of the test 

~“ well’? was 2 inches. 

The dimensions of both sets of apparatus 

_ show that the electrolytic conduction model 

is geometrically similar to a half of the 
 fluid-flow apparatus taken either above or 

_ below an imaginary horizontal plane passed 

through the center of the contained sand 
and equidistant from the upper and lower 

- flat plates, provided the respective strip and 

slot have the same designation. Thus it is 
_ apparent that voltage differences measured 

“in experiments with the model were exactly 
double what they would have been if the 

- model had been made geometrically similar 
_ to the fluid-flow apparatus as a whole. Com- 
- putations and results on the model experi- 

ments were based upon geometrical simi- 
larity, so that direct comparison could be 
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made with the results of the fluid-flow 
experiments. 

Fig. 7 is a representation on semilogarith- 
mic graph paper of the results computed 
from the data taken on the model. In the 
figure, r, is any particular radial distance 
from the well axis, 7. the well radius, E,, the 
voltage at r,, Ey the voltage at 7», and J the 
rate of current flow. The distribution of 
voltage was determined for various rates of 
current flow for each strip. The solid lines in 
the figure represent the radial part of the 
flow pertaining to the various strips, and 
the dotted portions of the lines are extra- 
polations into the nonradial region. The 
parallelism of the curves indicates that the 
specific resistance of the salt solution was 
the same in all experiments, so that direct 
comparison may be made among the test 
results for the strips. 

Comparison is made on the basis of strip 
dimensions and on the relative effect of two- 
dimensional and three-dimensional flow for 
a conducting medium homogeneous to the 
well wall. For this purpose the values of the 


. Jah, Ss IDS . 
intercepts on the =) axis repre- 


senting the added voltage per unit rate of 
current flow, due to convergence, are used. 
In this report such intercept values are 
termed convergence losses. If the conver- 
gence loss had been zero in a model experi- 
ment the current flow would have been 
radial to the well wall. Table 1 summarizes 
the electrical analogy results. 

The results show that the convergence 
loss is not affected greatly by a twofold or 
threefold change in the strip width as 
long as the length of the strip remains 
unchanged; however, a comparison between 
strips having the same width but different 
lengths shows that the convergence loss 
about triples when the strip length is halved 
and the flow is changed from two-dimen- 
sional to three-dimensional. 

Combination of Fluid Flow and Electrical 
Analogy Results —The following equation 


148 PRESSURE DISTRIBUTION ABOUT A SLOTTED. LINER IN A PRODUCING WELL 


TABLE 1.—Results of Experiments with 
Electrolytic Conduction Model 


Ratio of| Con- 

Width |vergence 
Copper | Width, |Length,| Type of| of Slot | Loss, 
Strip In. In. Flow? | to Well} Volts 

Diam- per 

eter |Ampere 
A 0.020 6.0 2 0.010 II.0 
B 0.040 6.0 2 0.020 9.1 
¢ 0.064 6.0 2 0.032 | 
G 0.020 3.0 3 0.010 30.7 
F 0.040 3.0 3 0.020 26.7 
D 0.064 3.0 3 0.032 24.0 

aFigures indicate two-dimensional and three- 


dimensional, respectively. 


relates the variables of geometrically simi- 
lar electrical and fluid-flow systems, pro- 
vided Ohm’s law and Darcy’s law are 
respectively applicable 


in which / is the length of the conductor 
(electrolyte or sand); A the cross-sectional 
area presented to flow and, in general, a 
function of J; k the sand permeability; « the 
fluid viscosity; P the fluid pressure; Q the 
volumetric rate of fluid flow; E the electric 
potential; 7 the rate of electric current flow 
and o the specific resistance of the electro- 
lyte. Hence, from equation 3, 


[4] 


As the electrolytic conduction system 
was geometrically similar to the fluid-flow 
system, the value of some particular inter- 
cept may be taken from Fig. 7 and used to 
compute the pressure differential for an 
analogous fluid-flow system in which the 
fluid viscosity, sand permeability, and volu- 
metric rate of flow are specified. For ex- 
ample, the intercept for copper strip F is 

AE 
Gar 
The specific resistance o of the test salt 
solution was 6.88 ohm-feet. During the test 
of slot F in the fluid-flow experiments the 
viscosity of the water was 2.54 X 1075 
lb-sec. per sq. ft. and the sand permeability 


26.7 volts per ampere (Fig. 7). 


k was 53.1 X 1071! sq. ft. Substituting the 
foregoing values with a flow rate Q of 
1.8 X ro7 cu. ft. per sec. in equation 4, 
and solving for AP, gives 335 lb. per sq. ft. 
as the result. 

In other words, the intercept of the curve 
for slot F in Fig. 5 would represent a pres- 
sure difference of 335 lb. per sq. ft. if the 
convergence loss had been the only influenc- 
ing factor. The experimental value of the 
intercept is 2100 lb. per sq. ft., hence the 
additional pressure loss resulting from the 
bridging of the sand over the slot and 
some turbulence just outside the slot is 
2100 — 335, or 1765 lb. per sq. ft. The ratio 
of the actual experimental loss to the com- 
puted convergence loss is 2100/335, or 6.27. 
It follows that the relations between slot 
dimensions and total pressure losses would 
be indicated by similar ratios computed for 
all slots tested and both flow rates used in 
Figs. 5 and 6, as these ratios are dimension- 
less and independent of sand permeability 
and fluid viscosity. The results of the com- 
putations are given in Table 2. 


TABLE 2.—Summary of Results 


Experi-|Ratio of 

ie 3 carn meats Expeey 
xperl-| pute OSs menta 

Apia ct rte mental on- | Minus | Loss to 
Cu. Ft até Loss, |vergence] Con- on- 

pet Seer Sana Lb. per} Loss, /vergence|vergence 
: Sq. Ft. | Lb. per Oss, Loss, 

Sq. Ft. | Lb. per | Dimen- 

Sq. Ft. | sionless 

A 540 | 118 22 4.58 

B ° 98.8 |— 98. ° 

1.8 X 1073 Cc —180 84.1 |—264 —2.14 
G 5620 | 260 5360 21.6 

F 2100 | 335 1765 6.27 

A 80 39.4 40.6 2.03 

B — 37 33.0 |— 70 —1I,12 

0.6 X 1073} CC — 84 28.1 I12 —2.99 

G 740 86.8 659 8.59 

F 372 | 112 260 cr) 


It may be regrettable that some of the 
experimental flow rates were rapid enough 
to permit partly turbulent flow in the sand 
just outside the slots, even though the flow 
was wholly viscous in the main sand body 
for all test rates. However, the formation of 
a sand bridge that causes an effective posi- 
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tive pressure loss probably would induce 
turbulence at lower rates because of the 
unusually tight packing of the sand grains 
at the bridge. Computations showed that 
the turbulence in the sand just outside the 
slots did not become fully developed at any 
of the test rates. Nevertheless, the experi- 
mental total-pressure losses determined 
with the fluid-flow apparatus are somewhat 
greater than would be expected in the field 
under similar conditions if the flow is as- 
sumed to be wholly viscous in the sand in 
the immediate vicinity of the liner wall of a 
producing oil well. 

According to Coberly’s rule,‘ a slot with 
a width equal to twice the grain size at the 
to percentile (obtained from sieve-analysis 
curve) of the sand will prevent entry of 
sand into a well. Apparently no stable 
bridge would be formed if a wider slot were 
used. The 1o-percentile size of the test sand 
used in the experiments reported herein 
was 0.0165 in., so that the widest slot that 
would prevent entry of sand into the experi- 
mental well apparently would be 0.033 in. 
The widest slots used in the foregoing re- 
ported tests were 0.032 in. (slots B and C). 
An attempt was made to test a slot 0.040 in. 
wide with the same sand, but this slot 
would not hold back the sand. 

The negative experimental losses given 
in Table 2 for slots B and C suggest that the 
permeability of the sand just outside these 
slots probably was increased during forma- 
tion of the sand bridge, hence it may be 
concluded that the total pressure loss re- 
sulting from the use of a slot having a width 
equivalent to at least the sand grain size at 
the ro percentile is small, nil, or negative, 
regardless of the rate of flow. 

Other results presented in Table 2 show 
that the additional pressure loss due to 
bridging increases as the slot width de- 
creases for slots of the same length. 

A study of the experimental electrical 
and fluid-flow systems reveals that the 
outer limit of the region of slot (or copper 
strip) influence is indicated in any particu- 


lar test by the abscissa of the point at which — 


experimental data begin to deviate appreci- 
ably from the respective straight line in 
Figs. 5, 6 or 7, representing radial flow. As 
the experimental data do not deviate ap- 
preciably from any of the straight lines of 


oe 
these figures until (=) is at least less than 


3, the flow disturbance in the sand (or 


~ a> 


electrolyte) caused by any of the slots or © 
copper strips was within an annular space ~ 


defined by the wall of the well and an imagi- 
nary cylinder having a radius equal to three 
times the well radius and its axis coincident 
with the well axis. 


CONCLUSIONS 


This paper represents the results of an 
experimental investigation designed to de- 
termine the effect of the sizes of certain 
rectangular slots used in a slotted liner on 
the pressure gradient in the vicinity of the 
wall of a producing oil well. Attention was 
directed to a study of the flow conditions 
about a single slot in each test as the flow 
conditions about all other slots of a liner 
were assumed to be similar. The most 
pertinent results of the investigation follow: 

1. The additional pressure loss resulting 
from the formation of a sand bridge over a 
rectangular slot becomes small, nil, or even 
negative if the slot width used is equivalent 
to at least twice the grain size at the 1o-per- 
centile size of the sand, taken from its sieve- 
analysis curve. The pressure loss resulting 
from the bridge increases markedly when 
the slot width is reduced. 

2. The additional pressure loss resulting 
from the convergence or crowding of the 
streamlines in the sand near a slot decreases 
as the slot length is increased. Experimental 
results show that the additional pressure 
drop per unit rate of flow due to a slot of 
length equal to the sand thickness is about 
one-third the loss for a slot of the same 
width but only one-half the length, placed 
so that its center is midway between the 
upper and lower horizons defining the oil- 
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bearing sand, if the effect of bridging is 
neglected. Increasing the width of the slots 
without increasing the length does not re- 
duce the convergence loss greatly. 

3. The pressure loss due to the slots 
alone, which is similar to the pressure drop 
across an orifice in pipe-line flow of fluids, 
is small compared with the corresponding 
loss that would occur in the sand near the 
slot. 

4. A slotted liner does not affect normal 
flow conditions in the sand beyond a dis- 
tance, measured from the well axis, of three 
times the well radius. 

5. The apparatus and_ experimental 

technic described in this report would be 
adaptable to further studies pertaining to 
the effect of a slotted or other type of 
perforated liner on the pressure gradient 
in the vicinity of the wall of a producing 
oil well. 
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Capillary Behavior in Porous Solids 


By M. C. Lreverett,* Memper A.I.M.E. 
(Tulsa Meeting, October 1940) 


KNOWLEDGE of the theory underlying the 
behavior of mixtures of fluids in reservoir 
rocks is essential to the proper solution of 
certain types of problems in petroleum pro- 
duction, but is as yet incompletely devel- 
oped. The object of this paper is to show the 
application of well established thermody- 
namic and physical principles to these prob- 
lems, and thus to assist in the development 
of the basic theory. For convenience the 
problems to be considered here may be 
divided into two groups: 

1. Static problems, involving only the 
static balance between capillary forces and 
those due to the difference in densities of 

the fluids; i.e., gravitational forces. 
2, Dynamic problems, involving analysis 
of the motion of mixtures of immiscible 
fluids in porous media under the influence 
of forces due to gravity, capillarity, and an 
impressed external pressure differential. 


CAPILLARY EQUILIBRIUM IN SANDS 


Under this heading the static type of 
problem will be discussed and the results of 
experimental investigations on the capillary 
properties of unconsolidated sands will be 
presented. Although the discussion of this 
section is, in a sense, prefatory to the treat- 
ment of problems of mixture flow, the con- 
cepts developed here have considerable 
intrinsic importance apart from their ap- 
plication to flow problems. For, it is reason- 
able to postulate that the reservoir fluids 
are, owing to their long existence in undis- 
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turbed mutual contact prior to exploitation, 
in substantial equilibrium. It follows that 
their distribution in the reservoir at the 
time of tapping should be entirely predict- 
able from the theory of capillary equi- © 
librium, provided certain experimentally — 
measurable properties of the reservoir rock 
are known. Knowledge of the distribution 
of the several fluids in the reservoir is, of © 
course, helpful in the estimation of reserves 
and in other problems. 

It is to be emphasized that throughout 
the discussion of capillary statics it is as- 
sumed that the fluids are in equilibrium 
from the capillary standpoint. Thus, water, 
where it is referred to as being in a reser- 
voir, will be understood to be interstitial 
water, present at the time of drilling the 
reservoir, commonly termed “connate” 
water. 

The theory developed here is perfectly 
general for any porous solid, whether a 
carefully prepared unconsolidated sand or a 
natural sandstone from an oil reservoir. 
At present, however, only problems in- 
volving clean, unconsolidated sands can be 
made to yield numerical solutions, since 
only such sands have been adequately in- 
vestigated experimentally. Experimental 
evaluation of the pertinent properties of 
natural reservoir rocks will permit the ex- 
tension of the numerical treatment to prob- 
lems involving these materials. We shall 
now consider in some detail the static 
equilibrium of fluid mixtures in porous 
solids; that is, the manner in which the 
reservoir fluids are distributed vertically 
when the forces due to capillarity are just 
balanced by those due to gravitation. 
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Interfacial Curvature and Capillary 
Pressure 


Although it is not infrequently assumed 
that sands may be represented as behaving 
like a bundle of straight, cylindrical capil- 
lary tubes, this analogy is in many respects 
an unwarrantable and misleading simpli- 
fication. It is necessary for the purpose of 
this discussion to discard this concept and 
substitute a more realistic one. 

Simple visual examination of a porous 
material, in the pore space of which a mix- 
ture of two fluids exists, shows that the 
interfacial boundary between the fluids is 
curved, and that the sharpness of the curva- 
ture depends on the size of the intergrain 
spaces and the proportions of the fluids 
present. It is well established that the cause 
of this curvature is the interfacial tension 
between the fluids; the physical law deter- 
mining the shape of the interfacial surface is 

_ that the interfacial-surface free energy shall 
be the minimum compatible with the vol- 
_umes of fluids present and the shapes of the 
‘restraining solid surfaces. The view here 
taken is that this interfacial curvature is the 
most significant property of the system from 
‘ the standpoint of capillary behavior. 

The curvature of the interfacial surface 
gives rise to a pressure differential across 
the interface, which here will be termed the 

“capillary pressure.’’ When fluids flow un- 
der the action of capillarity, the driving 
- force causing flow is this capillary pressure; 
it is thus of the first importance in problems 
of capillary flow. The capillary pressure 
is related to the curvature of the inter- 
face by the well-known expression’ due to 
Plateau: 
e 


7 


| P=v(a+z) [x] 


where P, is the capillary pressure, y is the 
interfacial tension or unit free surface en- 
ergy, and R, and R; are the principal radii 
of curvature of the surface. The expression 


1 References are at the end of the paper. 
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SECTION A-A 


Fic. 1.—ACCUMULATION OF LIQUID AT CONTACT 
POINT BETWEEN SPHERICAL GRAINS. 
R; rotates in plane of paper in upper view, 
R, rotates in plane of paper in lower view. 


the oil-water interface when only a small 
amount of water is present between two 
spherical grains. The radii of curvature, Ri 
and Re, are vector quantities and hence 
have direction as well as magnitude. If both 
radii have their centers of rotation onthe 
same side of the interface in question, both 
radii have the same sign. But if the centers 
of rotation are on opposite sides of the 
interface, one radius is positive and the 
other negative in sign. The latter situation 
prevails in Fig. 1. It makes no difference 
which of the two radii R; and R- is called 
positive or negative as long as the same con- 
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vention is used throughout. In order to be 
consistent with our later definition of P., we 
shall say here, arbitrarily, that in Fig. 1 Ri 
is positive but Re is negative. That is, in 
general if the center of rotation of a radius 
of curvature lies on the side of the interface 
occupied by the fluid which preferentially 
wets the solid, that radius will be given a 
negative sign. If the center of rotation lies 
on the side of the non-wetting fluid, the 
radius will be given a positive sign. As drawn 
in Fig. 1, Rois numerically greater than Ri, 
so that the mean curvature of the interface, 
(>. + ree is positive even though ss isa 
negative number. In general, the water-oil, 
or water-gas, interface will have a positive 
curvature whenever the water tends to be 
imbibed by capillarity. 


Interfacial Curvature and Height 


In a petroleum reservoir rock, interstitial 
water coexists with the oil at all levels 
throughout the entire reservoir and, as 
stated above, we shall assume that these 
fluids are initially in substantial capillary 
equilibrium. Where the interfacial tension 
is constant throughout the reservoir, a well- 
known relation exists among the capillary 
pressure across a given interface, its mean 
curvature, and its vertical position in the 
reservoir. 

In order to derive this relation, let us 
consider a large porous mass, preferentially 
wetted by water, in which two fluids, such 
as oil and water, are distributed in the 
manner required for capillary equilibrium. 
Let us suppose that a very small volume of 
water, AV, is to be transferred from the 
level #4 in the sand to the level h + dh. 
Since, by assumption, capillary equilibrium 
exists in the sand the free energy change dF 
(i.e., the isothermal reversible work possible 
to get out of the transfer) is zero; dF = o. 
However, the total change in free energy, 
dF, accompanying this transfer is the sum 
of two parts: 


CAPILLARY BEHAVIOR IN POROUS SOLIDS 


1. The partial change of free energy of 
the water element in rising a distance dh in 
a gravitational field, which is given by 


oF 
ea) = pughV 


where the element has the volume AV. 


2. The partial change of free energy of © 
the water element in passing from a level h | 


where the pressure in the water is P, to a 
level (k + dh) where the pressure in the 
water is (P,, + dP). This is given by 


oF 
ip.) = 4V 


The total change in free energy is the — 


sum of these two, whence we may write 
immediately 


SF SF 
dF = (a) A atl eS Pers 
pwgAdh + AVdP,, = 0° [2] 


—dP» = pugdh [2a] 


in which pw is the density of the water, and g 
is the acceleration due to gravity. 

A similar derivation may be made for any 
other fluid present at equilibrium, with an 
exactly similar result regardless of the na- 
ture of the fluid. If, in the case under dis- 
cussion, the second fluid is oil, the equation 
corresponding to eq. 2a is 


—dP. = pogdh 


or 


[2d] 


(The subscripts 0 and w will be used to 
indicate oil and water respectively.) 

In accordance with our convention re- 
garding the sign of the mean interfacial 
curvature, P., the capillary pressure across 
the water-oil interface is, by definition, 
P. = P, — Pw, whence, differentiating, 


dP, = dP, — dP. 


Combination of this expression with eqs. 
2a and 2b yields 


dP, = Apwogdh [2c] 


where Ap. represents the difference in den- 
sities between the water and oil. 
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When the capillary pressure P, is zero, 
the interface has zero curvature, and hence 
is in equilibrium with a flat interface (a 
“free liquid surface’’) at its own level and 
external pressure. However, as will be ob- 
served below, there is a limit to the small- 
ness of the interfacial curvature that may 
possibly exist in a column of sand of definite 
properties. For this reason there is no inter- 
face in the system across which the pressure 
differential is zero. We may, however, cal- 
culate for any equilibrium surface of known 
curvature how far below that surface the 
hypothetical free liquid surface is, and it 
will be convenient to call = oat this level, 
since at this level the capillary pressure is 
likewise zero. In an oil-water-sand system, 
the hypothetical free liquid surface is al- 


_ ways below the lowest level at which oil is 


found if the oil is less dense than the water. 
Therefore, calling 4 =o at the level at 
which the surface, if it actually existed, 


_ would have zero curvature, eq. 2c becomes, 


on integrating between limits and recalling 


BeeQi-I, 


Be Apes chi Ga re y) =yC [2d] 


where / is the vertical distance of the inter- 


- face in question above the free liquid sur- 


face. As indicated in eq. 2d, the average 
value of the density difference Ap,,, must be 
used in the integrated form if this difference 
varies significantly with height. 

It should be remarked that the free liquid 


- surface is not always hypothetical. For ex- 
ample, where water is being imbibed from 


~ an open dish into a sand column standing in 
an air-filled room, the free liquid surface is 


real, and is the water-air interface in the 


dish. 
It is to be emphasized that eq. 2d was 


_ derived without any assumptions regarding 
the fluids or system, except that they are 
3 isothermal and in capillary equilibrium. It 
_ applies equally well to water-air, water-oil, 


via Liat ii he aan, 


or oil-gas systems, and the solid phase may 


have any properties whatever. A corollary 
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of eq. 2d is that all interfaces in any particu- 
lar two-fluid system have the same curva- 
ture and capillary pressure at the same 
horizontal level. 


Approximate Magnitude of Capillary 
Pressures in Oil Sands 


Eq. 2d is a direct means of estimating the 
maximum differences in capillary pressure 
that may exist in a virgin reservoir. For 
example, in an oil sand roo ft. thick, in 
which the average difference in specific 
gravities of oil and water is 0.3, the capil- 
lary pressure at the top of the sand is about 
13 lb. per sq. in. greater than at the bottom 
of the oil zone. The capillary pressure at the 
bottom of the oil zone depends on the mini- 
mum curvature that may exist in the sand, 
and hence varies widely depending on the 
texture of the sand. Nevertheless, it seems 
unlikely that original capillary pressures 
greater than a few times the value in the 
above illustration will be encountered fre- 
quently. Although, as in this example, the 
pressures due to capillarity may be of fairly 
large size, it must be realized that at equi- 
librium they are exactly balanced by the 
differences in gravitational forces on the 
two fluids. It is only when this balance is 
disturbed that part of the capillary pressure 
becomes available to cause flow of fluids. 

Eq. 2d likewise permits estimation of the 
mean curvature of the capillary surface at 
any height if the interfacial tension is 
known. In the example above the mean 
curyature at the top of the oil zone is (as- 
suming it to be comparatively small at the 
bottom of the oil zone) about 65,000 in.~! 
(25,000 cm.~!) if the interfacial tension is 
35 dynes per centimeter. 


Relation between Interfacial Curvature and 
Saturation 


Since eq. 2d relates curvature and height, 
a relation between curvature and satura- 
tion (fraction of voids occupied by a given 
fluid) would suffice to determine, for given 
values of the density difference and inter- 
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facial tension, the height-saturation dia- 
gram; i.e., the vertical distribution of the 
fluids. It is apparent from this that the 
curvature-saturation function is the funda- 
mental relation necessary for solution of 
problems of static capillarity in sands. 

Quite apart from its thermodynamic rela- 
tion to capillary pressure and height, the 
curvature of the oil-water interface is a 
geometric quantity determined by the di- 
mensions of the interstice in which it exists 
and by the proportions of the fluid phases 
present. There is thus the theoretical possi- 
bility of determining mathematically the 
mean curvature corresponding to a given 
water saturation in an interstice of given 
dimensions. However, analytical attempts 
to evaluate the curvature-saturation func- 
tion have failed in all except highly over- 
simplified cases. For example, the problem 
has been attacked by Smith and others?~7 
for regularly packed spheres. In actual 
sands or sandstones the extreme irregular- 
ity of the intergrain spaces prohibits ana- 
lytical treatment. Some characteristics of 
the saturation-curvature function, however, 
may be determined without recourse to ex- 
tensive experiments, and these will be dis- 
cussed briefly before proceeding to the 
experimental evaluation of the function. 

It is evident from Fig. 1 that changes in 
water saturation in a pore of any shape 
whatever result, in general, in curvature 
changes at the water-oil interface. It is like- 
wise true that there is a lower limit, greater 
than zero, to the curvature that may exist 
in a column of sand of definite properties, 
although this fact is not readily deduci- 
ble from purely geometric considerations. 
Rather, it is demonstrable by the simple 
experimental observation that in sand col- 
umns containing two fluids in equilibrium 
it is well known that substantially complete 
water saturation prevails up to a defi- 
nite distance above the free water surface. 
Again, the simple fact that a solid imbibes 
a liquid to near-saturation shows that there 
is no interfacial configuration of zero curva- 
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ture typical of any saturation (less than 
unity) in the sand. 

Smith,®® Keen,’ Versluys® and others 
have pointed out that there are three gen- 
eral types of occurrence of water, or regions 
of water saturation in a porous solid: 

1. Saturation region. Complete water 
saturation. 

2. Pendular region. Lowest water-satura- 
tion range. Water occurs as pendular rings 
around grain-to-grain contacts. The solid, 
where not covered by water in the pendular 
rings, is covered with a very thin film of 
water if the contact angle® is zero,* or by 
oil if not. Fig. 2a illustrates this saturation 
region. 

3. Funicular region. Intermediate water 
saturation. Addition of water to the pendu- 
lar rings of Fig. 2a causes them to grow and 
soon they become so large that they touch 
each other at their edges and merge. This 
state of coalesced rings is indicated in Fig. 
2b. Addition of still more water causes com- 
plete coalescence of the funicular rings, the 
result being a web of water across the inter- 
space between three or more grains. Both 
of these configurations are included in the 
funicular saturation region, since in either 
case it is possible to pass from any position 
in one fluid to any other in the same fluid 
by a tortuous, cordlike (funicular) path 
through that fluid. 

The nomenclature is that used by 
Versluys.8 


Saturation Hysteresis 


Previous work in this field?-? has shown 
also that the curvature-saturation function 
is not single valued over its entire range; 


*It is believed that the contact angle in natural 
petroleum reservoirs is substantially zero, with few 
exceptions; this view is based on a considerable 
amount. of evidence which, if not rigorously con- 
clusive, is strongly presumptive. It may be pointed out 
that the thermodynamic discussion presented here is 
valid regardless of the magnitude or existence of the 
contact angle; if the contact angle is not zero some 
changes in the numerical values of the curvature- 
saturation relation and permeability-saturation 
curves must be made, but these changes are in pre- 
dictable directions. In the experimental work de- 
scribed in the following pages undoubtedly the 
contact angle was zero. 
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there is a considerable hysteresis loop in the 
function. The reasons for this behavior are 
derivable from the geometry of the system, 
and have been discussed in detail by Smith,® 
who shows that there is a large variety of 
configurations that may stably correspond 
to a given average water saturation. This is 
particularly true of the funicular region of 
saturations. 

Aside from this ambiguity in the curva- 
ture-saturation relation, which is probably 
often unimportant, we may regard the 
curvature-saturation function as character- 
izing the sand to which it applies. This view 
obviates any necessity for inventing fictions 

_ about the sand, such as a suppositious dis- 
tribution of ‘‘pore sizes” of ‘‘equivalent 
circular section.” The latter concept in 
~ particular is likely to be misleading, since 
the same intergrain space is capable of 
behaving as though possessed of many 
different such sizes. It is sufficient to state, 
first, that the intergrain spaces, the pores, 


are in fact of various dimensions, and, sec-. 


_ ond, that any such space may contain init a 
capillary surface having a curvature larger 
than a definite minimum. Thus the sand has 
a characteristic distribution of interfacial 

curvatures with respect to saturation. 


Displacement Pressure 


It may be noted in passing that the capil- 
lary pressure existing at the maximum posi- 
tion of the top of the saturation zone in a 
vertical sand column is numerically the 
_ “displacement pressure,”!° since it is the 
- minimum pressure differential that suffices 
to displace water from the water-saturated 
sand. 


Bs Experimental Evaluation of 
Curvature-saturation 
Function 


_ The attempts of Smith and others to eval- 
uate analytically the curvature-saturation 
- function have been mentioned previously. 
The results of this work give curvature- 
| saturation plots that undoubtedly are of 
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the proper form and hence are of value but 
which cannot be applied quantitatively to 
real sands or sandstones. Therefore this 
function has been investigated experimen- 
tally in the present research. 


Sand Grain 


Fic. 2.—SATURATION RINGS. 
a. Pendular saturation rings. 
b. Funicular saturation region, water exist- 
ing as coalesced rings. 


Of the various theoretically possible 
techniques for evaluating this function, 
the height-saturation method was chosen. 
Essentially, this comprises letting water 
and air come to capillary equilibrium in a 
vertical sand column, and measuring the 
resultant water saturations at a number of 
heights. Similar work by King,!! Haynes 
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and Keen’ and Smith‘~* has been reported, 
but these experiments were incomplete be- 
cause the permeabilities, and in some cases 
other properties of the system, were not 
measured. 


Manometer Connection a 
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Fic. 3.—BRASS APPARATUS FOR DETERMIN- 
ING CAPILLARY EQUILIBRIUM OF WATER DIS- 
TRIBUTION IN UNCONSOLIDATED SAND. 


Two very similar procedures were used in 
the present study. The first comprised 
packing sand in vertical glass tubes and 
measuring its porosity and permeability to 
both water and air where possible. (The 
manometer taps, used during permeability 
measurements, were closed while the sys- 
tem came to equilibrium.) The tubes were 
about 34 in. in diameter and up to to ft. 
long. Two such tubes were packed with 
each sand used. One tube of each pair was 
saturated with water, which was then al- 
lowed to drain from the sand into the 
accumulator tube (Fig. 3). The water level 
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in the accumulator tube was kept constant — 
by removing water as it drained. The other ~ 
tube of each pair was initially dry; water — 
was fed to the accumulator tube as fast as © 
the sand imbibed it. Equilibrium was thus — 
approached from both directions and the ~ 
maximum extent of the hysteresis zone — 
defined. The saturation changes in the 
sands were followed by means of the 
conductometric technique previously de- 


scribed,!*!8 metallic screens at top and 


bottom of the columns serving as electrodes 
by which to introduce the alternating cur- 
rent. The electrical potential drop along 
the sand column was measured at 6-in. 
intervals by means of stiff wires sealed 
through the side of the glass column. Be- 
cause of its fragility, this apparatus was 
later replaced by the one sketched in 
Fig. 3, where a brass tube replaces the glass 
one. At the end of the run the brass tubing 
was cut into 1o-cm. sections and the water 
content of the sand in each section deter- 
mined gravimetrically. With either appara- 
tus it was found that very little change in 
distribution of water took place after about 
two weeks (imbibition and drainage rates 
were followed, for the brass apparatus, to 
gauge the progress of the experiment) ; how- 
ever, the experiments usually ran several 
times that length of time. 

In all, four previously sized and ignited 
sands and two that contained clayey mate- 
rial were thus studied. Of the clayey sands, 
one was a clean ignited sand to which 5 per 
cent by weight of Drilloid (a bentonitic 
drilling-mud addition agent) was added, 
and the other was a naturally occurring 
surface sand (Queen City, Texas, forma- 
tion). Table 1 summarizes the proper- 
ties of the systems investigated by both 
techniques. 


Results of Height-saturation Experiments 


When the results of these experiments 
were plotted (Fig. 4) in dimensionless form 
as 
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it was found that the data for the four clean 
sands fell satisfactorily near two curves, one 
for imbibition of water and the other for 
drainage. K is the permeability of the sand 
to a homogeneous fluid, expressed in units 
consistent with the other variables in the 
group, and ¢ is the fractional porosity of 
the sand. The form of this correlation may 
be derived from either of two assumptions: 
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saturation, a definite fraction of the total 
surface of the sand itself.!4 

It is believed that the nearly vertical 
trend of the drainage data at low water 
saturations in Fig. 4 represents a relatively 
poor approach to equilibrium, caused by 
the low permeability to water in this satura- 
tion region. This view is substantiated by 
the results of an experiment on the capil- 
lary depression of mercury in an “air- 
wetted” sand (the mercury-air-sand contact 
angle was probably near 140°). Because of 


TABLE 1.—Properties of Systems Used in Height-saturation Experiments 


MRA O te ais lca rsiseecoha 2 I II III IV V VI 
Screen analysis.......... ee 50 Per aed 9 e 
es us 5 200-325 100-200 Mes I00—200 ueen City 
Per Cent by Mesh 80-100 Mesh 50 Per Cent Mesh Sand¢ 
Wt. Drilloid 200-325 Mesh 
Type experiment........ Drain-|Imbi-| Drain-| Imbi-] Drain-| Imbi-] Drain-|Imbi-| Drain-| Imbi-| Drain-| Imbi- 
age |bition| age |bition| age |bition] age |bition| age /bition| age | bition 
Permeability to air, 
darcys: 
Top half column...... DAOOM 243i Se Lye S20) Byena L7e5| 2020 | 2.721 3.50) | 3.271 10650) -0. 731 
Bottom half column...| 2-14 | 2.30] 3.19 | 3.77| 17.3 | 17.5] 2.52 | 2.72| 3.76 | 3.76) 0.750] 0.830 
INVCTALE tlcc cess ec ae et EeiO7e | 237 vstenlo| S53) L732 T7s5i) 2930.) 272i) S203) | S52) On 700) On OL 
Permeability to water, 
darcys: 
Top half column...... 0.328 2.48 3.60 0.119 
Bottom half column...| 0.234 2.48 3.60 0.025 
Average...... 0.282 2.48 3.60 0.072 
Average porosity, per cent 40408 \At. 5) 40.0 - 140.4 | 30.1 || 3060/48.2- 140.7. |39.5. 130.4.°/38.:2 139.4 
Interfacial tension, oud . 
ee Der CM... . 70 53 70 73 70 69 |70 60 70 49 70 62 
Duration of experiment, 
GV Sree aciscoata cles ecste 75 76 30 30 30 30 |83 43 78 79 70 74 


1. That the height at which a definite 
- water saturation is found at equilibrium is 
aa inversely proporuonal to an ‘‘equivalent 
_ circular diameter”? of the voids in the sand!” 
calculated from its porosity and permea- 
’ bility, inversely proportional to the density 
- difference and directly proportional to the 
interfacial tension. 

2. That the interfacial surface area be- 
- tween the two fluids is, at a given water 
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the low viscosity of air compared to that of 
water, a much accelerated approach to 
equilibrium was attained. The broken por- 
tions of the curves of Fig. 4 represent a 
reasonable estimate of water distribution in 
the low saturation region, based on Smith’s 
theoretical work and the mercury-sand-air 
experiment. 

The ordinate of Figs. 4 and 5 is, referring 
to eq. 2d, 
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Evidently the group 
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is interfacial curvature multiplied by a fac- 
tor that is a property of the sand alone. 
Hence the curves of Fig. 4 may be regarded 
as generalized curvature-saturation plots, 
applicable to all clean unconsolidated sands. 

Where, as in the imbibition experiments, 
water advances into the sand, displacing, 
for example, air, it is invariably found that 
the water does not completely displace the 
air from the sand. Part of the air remains 
apparently trapped in what would other- 
wise be a region of too per cent water 
saturation. Microscopic examination shows 
this residual air to exist as globules sur- 
rounded by water. It is thus unable to 
escape by ordinary flow. From Smith’s 
work,® it appears highly probable that such 
residual globules are thermodynamically 
unstable; it is believed that they tend to 
disappear by solution in the water and 
subsequent diffusion to more stable posi- 
tions. This behavior has been observed 
experimentally in one case in the present 
research, and is believed to have been typi- 
cal of all the cases studied, although per- 
haps too slow to attract notice in any but 
the one instance mentioned. The lower 
curve of Fig. 4 has been drawn in accord- 
ance with this view. 

The experimental results (Fig. 4) demon- 
strate that clean sands of low permeability 
retain more water at a given height than 
more permeable ones. The hysteresis zone 
is clearly evident in Fig. 4, but it is seen to 
be of limited vertical extent. Hence, al- 
though it is difficult to state from the re- 
sults obtained the saturation corresponding 
to a curvature falling in the hysteresis zone, 
the curvature corresponding to a given 
water saturation can be estimated with 
relatively small error. 


BEHAVIOR IN POROUS SOLIDS 


Clayey Sands 


The data for clayey sand do not correlate — 
on the basis of Fig. 4. The results, plotted in : 
Fig. 5, show that more water was retained ~ 


at large values of h, the height, and less at 


small ones than the clean-sand correlation © 


predicts. Use of the permeability of the 
water-saturated sand to water for K in the 
ordinate did not improve the correlation. | 

These results are explainable by the fact 
that clays and shales sorb water, the water 
so taken up being held more tightly than 
the same amount of water would be held by 
capillarity. The amount of so-called “‘hy- 
dratable” material in natural sandstones is 
thus important, since, as these data show, 
it affects strongly the curvature-saturation 
function. The large “‘connate”’ water satu- 
rations of some reservoir rocks therefore 
may be attributable to the presence of 
“‘hydratable” solids mixed with the sands. 
The lower permeability of clayey or shaly 
sands to water than to dry air is probably 
explained by the swelling of these ‘‘hy- 
dratable”’ materials in water, which reduces 
the effective size of the flow passages. 


CAPILLARY THERMODYNAMICS IN 
TWwo-FLUID SYSTEMS 


Some of the thermodynamic properties of 
two-fluid mixtures in porous solids are of 
particular interest, among them the free 
surface energy. 

Let us consider an element of sand con- 
taining, for example, only water and oil, 
and suppose that there is, at the same hori- 
zontal level, a water reservoir, which has a 
surface of zero curvature, and that both 
sand and water reservoir are enclosed in an 
otherwise oil-filled space. Evidently, the 
pressure in the water in the sand (because 
it is bounded by a curved surface) is less 
than that in the water reservoir (the two 
are not assumed to be in equilibrium), and 
it is readily shown that this pressure de- 
ficiency is P., the capillary pressure, in the 
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sand. For the water, the partial change of 


free energy with pressure is 


or, since water is substantially incompressi- 


ble 


( 


F, — Fy = V(P2 — P)) 


oF 
5P 


)=v 


[3] 


whence the difference in free energy per 
unit volume of water in the external reser- 
voir, 2, and in the sand, Fj, is 


F, — Fi = Py — P, = P, [4] 


Since P, is the free energy increase (the 
isothermal, reversible, work necessary) ac- 
companying the transfer of unit volume of 
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water from the sand to the zero curvature 
reservoir at the same level, we may consider 
that 


P. = (Fr [5] 


where V represents the volume of water 
transferred out of the sand. It is evi- 
dent from this that the negative capillary 
pressure, —P,, is the partial free energy per 
unit volume of water in the sand with re- 
spect to that of water at the same level and 
external pressure, but bounded by a zero 
curvature interface. Thus viewed, the capil- 
lary pressure is clearly a close analog to 
the ‘‘partial free energy” of Lewis and 
Randall!® and to the ‘‘chemical potential” 
of Gibbs.!® For this reason some authors 
have called P, the ‘‘ capillary potential.” 17:18 

If, arbitrarily, the element of sand is so 
chosen that it has unit volume of pore 
space, it is evident that the volume of water 
in it and its fractional water saturation are 
numerically equal, and dV = —dS,, since 
V represents water transferred out of the 
sand. Substitution in eq. 5 and rearrange- 
ment gives 


dF = —P.dS. [6] 


where dF is now the increase in free energy 
of the water per unit of pore space when the 
water saturation is changed by the amount 
dS. The reversible work necessary to de- 
crease the water saturation by a differential 
amount is quantitatively converted into 
free surface energy, whence dF must also be 
the increase in free surface energy. 

The difference in free surface energies 
between two saturation states in the same 
sand, therefore, is, per unit of pore volume, 

Sw, 
AF = — ie [7] 
Be; 
This integral is the area under the capillary 
pressure-saturation curve and may be de- 
termined graphically. 

Although, in the foregoing derivation, it 

has been assumed that only water and oil 
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were present, a completely similar result is — 
obtained for water-gas or oil-gas systems. 


Eq. 7 is rigorous as derived, but its — 


numerical evaluation necessarily assumes ~ 
that P., capillary pressure, and S», water 
saturation, are uniquely related. Inasmuch : 
as saturation hysteresis exists, this is only — 
approximately true, and some uncertainty 
is thus inherent in this manner of evaluat- — 
ing the free surface energy. 


Extent of Interfacial Fluid: Fluid Surface 


The surface tension y is by definition the 
unit free surface energy 


where o will be defined as the two-fluid 
interfacial surface area per unit of pore 
volume. If all the change in free surface 
energy is due to areal changes in the 
fluid:fluid interface, it is evident that the 
difference in interfacial surface areas be- 
tween two saturation states results from 
dividing eq. 7 by y, the interfacial tension: 


F, — F, aif 
2 t= —- PAS eos 
cy: y JSu; 


02-0, = 


It is important to note, however, that two 
kinds of interfacial surface exist in the 
sand: 

1. Water-oil (or water-gas). The unit 
free surface energy of this surface is y, the 
interfacial tension. 

2. Solid-liquid; either sand-water or 
sand-oil. The unit free surface energy of 
these surfaces is not known, and undoubt- 
edly is different for the sand-water and the 
sand-oil interfaces. 

Eq. 8, therefore, is valid only if the 
amounts of sand-oil and sand-water inter- 
faces are constant over the range of satura- 
tions Sw, to Sw,. This condition definitely 


does not prevail in the pendular region of 
saturations, and possibly does not obtain in 
certain parts of the funicular region. Eq. 8 
therefore is inapplicable for relatively low 
water saturations, but probably may be 
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applied where water saturations of 25 per 
cent or more are involved. 

If, in the integration of eq. 8, Sw, is 
chosen equal to unity (100 per cent water 
saturation), the integral gives the total 
two-fluid interfacial surface at Sw,, since 


at roo per cent water saturation there is 
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obviously no two-fluid interface in the 
sand. Fig. 7 shows, as an example, the re- 
sults of the graphical integration of the 
capillary pressure-saturation curves of Fig. 
6. Although, because of the existence of 
saturation hysteresis, significantly different 
results for the extent of the two-fluid inter- 
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face are obtained from the curves of Fig. 7, 
the order of magnitude of this area is well 
defined. Also shown on Fig. 7 is the surface 
area of the dry sand, computed by the 
method of Carman.!4 The two-fluid inter- 
facial area is seen to be less than that of 
the sand itself over the region of applica- 
tion of eq. 8. 

Occasionally, it will be necessary to choose 
between the curvature-saturation data as 
obtained by imbibition and drainage exper- 
iments. In this connection it is helpful to 
note that since the states in the hysteresis 
zone persist indefinitely if undisturbed, but 
are permanently altered if a small but finite 
disturbance occurs in the system, these 
states represent metastable equilibria. It ap- 
pears likely that the conditions under which 
hydrocarbons accumulate in and are pro- 
duced from the earth will lead to distribu- 
tions of the fluids corresponding more 
closely to the imbibition equilibrium than 
to the drainage equilibrium. Where, there- 
fore, it is necessary to choose between the 
two sets of data we shall use the lower. 
Computations made for this paper are on 
this basis. 


EQUILIBRIUM DISTRIBUTION OF 
THREE FLuips IN SANDS 


Although only two-fluid systems have so 
far been discussed, an analogous treatment 
of three fluids may be made. It may be 
shown that eq. 2d applies equally well to 
the oil-water, oil-gas, and water-gas inter- 
faces; when so applied the physical con- 
stants appearing in it must, of course, be 
those for the two fluids bounding the inter- 
face under question. Since the interfacial 
curvature is fixed (within the limits of 
saturation hysteresis) by the geometry of 
the system, as pointed out above, it is 
reasonable to assume that the relation be- 
tween total liquid saturation and interfacial 
curvature at the gas-liquid interface is 
independent of the number or proportions 
of the liquids which, together, comprise the 
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total liquid saturation.* This assumption 
fixes the slope (at a given total liquid 
saturation) of the total liquid saturation 
versus height curve for fluids of definite 
densities and interfacial tensions. The verti- 
cal position of the (S. + Sw) (total liquid) 
curve is fixed by the amount of oil present. — 

In order to illustrate the application of - 
these principles to the determination of the 
original fluid distribution within a reservoir, © 
the distribution of gas, oil, and water at 
equilibrium has been calculated for a clean, 
uniform, unconsolidated sand containing a 
relatively small amount of oil. The condi- 
tions assumed were as follows: oil-water, © 
gas-oil, and water-gas interfacial tensions: 
35, 20, and 65 dynes per centimeter, respec- 
tively; specific gravities oil, water, and gas: 
0.7, 1.0, and o.1 respectively; sand permea- 
bility: 1 darcy; porosity: 35 per cent; total 
thickness of oil interval: 8.5 feet. 

The results of these computations are 
shown in Fig. 8, from which it may be 
observed that the vertical transition from 
gas to oil is sharper than that from oil to 
water, but that both the gas-oil and water- 
oil contacts are zones of rapid transition 
from a region saturated primarily with one 
fluid to a region saturated primarily with 
the second fluid, rather than levels of 
saturation discontinuities. The thickness 
of the transition zones depends upon the 
amounts of the fluids present and upon the 
character of the fluids and of the reservoir 
rock. It is interesting to observe that these 
calculations indicate that some oil may be 
contained in portions of the sand that may 
be expected: from their saturations to pro- 
duce only gas or water, an observation that 
has been confirmed by analyses of cores 
taken from above the ‘‘gas-oil contact” 
and below the ‘‘water-oil contact” in pro- 
ducing oil fields. It should be borne in mind 
that Fig. 8 represents no attempt to portray 
the conditions in any actual reservoir, but 
is illustrative only. Had the calculations 
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been made on the basis of a greater assumed 
quantity of oil in the sand, the transitions 
from one saturation region to another 
would have been similar, but small quanti- 
ties of oil would have been found in the gas 
sand at points higher relative to the gas-oil 
contact. 

Additional theoretical and experimental 
work remains to be done on the three-fluid 
static distribution problem before it can be 
considered solved; however, certain qualita- 

tive deductions may be made with respect 

to the conditions encountered in oil reser- 
yoirs. Thus, it is to be expected that in any 
particular fairly uniform sand the transition 
zones from gas to oil and from oil to water 
will be fairly definite. Because of the shapes 
of the permeability-saturation!? 8 plots, 
the transition with height, of the composi- 
tion of the fluids produced will be much 
more rapid than the corresponding transi- 
tion of saturation with height. Probably the 
complete transition zone from too per cent 
water to roo per cent oil in the produced 
fluids will often be only a few feet thick. 
However, even in a continuous reservoir 
these levels may vary several feet from one 
part of the sand to another as the permea- 
bility varies. It is probable that in nearly 
all cases the gas-oil contact will be more 
sharply defined and will exhibit less varia- 
tion than the water-oil contact. Except in 
thin sands, where there may be partial 
overlapping of the contacts, it is to be 
expected that the existence of these transi- 
tion zones will not materially interfere 
with proper well completion and not seri- 
ously impair reserve estimates based upon 
apparent thickness of the oil sand. 


Motion oF Fiuip MIxTURES IN 
Porous SoLips 


Previous work on the flow of fluid mix- 
tures in porous solids has failed adequately 
to account for all of the three influences 
that cause motion of the fluids: capillarity, 
gravity, and impressed external pressure 
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differentials. We shall show briefly how 
these influences may be properly evaluated, 
with the aid of the concept of capillary 
pressure. 


we Saturation 


Height Above Lowest Level at Which Oil Occurs, Feet 


fo) 20 40 60 80 100 
Per cent Saturation 
Fic. 8.—CALCULATED DISTRIBUTION OF OIL, 
GAS, AND WATER IN A UNIFORM UNCONSOLI- 
DATED SAND. 


Equations for Two-component Mixture 
Flow 


Let us consider, for the sake of simplicity, 
the flow of a mixture of only two fluids, for 
example water and oil, in a porous solid in 
a gravitational field. By analogy to the 
well-known D’Arcy’s law, we may write for 
the oil 


A aie [ee — sin a | [ol 
Jou = lo L Ou SPo 9 


and for the water 
Tre 2Pw sin a| [ro] 


where go. and guy are the rates of oil and 
water flow in the direction ~, per unit of 


: oP. 
cross-sectional area normal to u; <i and 


(2) are the pressure gradients in the 


direction in the oil and water, respectively; 
fo and My are the oil and water viscosities; 
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a is the angle made by the direction ~ with 
the horizontal; K, and Ky are the effective 
permeabilities!® to oil and water, respec- 
tively, and the other symbols have their 
previous significance. Eqs. 9 and 1o are to 
be regarded as algebraic definitions of the 
effective permeabilities, and are statements 
of the fundamental law of viscous flow of 
fluid mixtures through porous media. 
Since the water and oil are separated by 
curved interfaces the pressures in the two 
phases are not in general equal in the same 
plane normal to uw. As a reasonable simpli- 
fication, we shall asswme that this pressure 
differential between the fluids is P., the 
capillary pressure, which would be calcu- 
lated knowing the interfacial tension and 
curvature of the interface. The latter may, 
as shown previously, be determined ap- 
proximately from the water saturation ex- 
isting. Since, as defined, P, = P, — Pu, 
obviously 
ey Wo st (Ss) 
bus” \bus Nou 
Hence the pressure gradients in the two 
fluids are related by a quantity which, ac- 
cording to the above assumption, is a func- 
tion of saturation gradient and saturation 
only. Further, the quantities K, and Ku, 
effective permeabilities, have been shown 
to depend in steady mixture flow princi- 
pally on the saturations existing.!?1%.19,20 A 
secondary effect of pressure gradient and 
interfacial tension on the effective permea- 
bilities has been previously reported.!* 
However, it is advisable tentatively to dis- 
regard this effect, since it now appears that 
it may possibly be merely a manifestation of 
the ‘‘boundary effect,’ and therefore not 
typical of the behavior of the interior of a 
large mass of sand. It is reasonable and con- 
venient to assume that the effective permea- 
bilities are functions of saturation only, for 
unsteady flow as well as steady. These two 
assumptions permit numerical evaluation 
of the rate of flow of both fluids at any 
point at which the saturation, saturation 


bed 
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gradient and pressure gradient in one fluid 
are known. However, because of the neces- 
sity for evaluating the pressure gradient in 
one or the other fluid at every point in the 
system, these equations are not actually 
very useful. But this difficulty disappears 
for the special case of mixture flow in which 
(z) the total fluid rate per unit cross-sec- 
tional area 


gt = Jo + Ww [12] 


is constant over each cross section normal 
to the direction of net flow, or varies in an 
explicitly known fashion, and (2) no motion 
of fluids occurs normal to the net flow direc- 
tion. In this simplified case we may combine 
eqs. 9, Io and 11 to give an expression for 
fw, the fraction of water in the flowing 
stream passing any point in the sand: 


rack Gu) ~ sds sin 
= aS gAp sina 


fo= 


This equation provides a relation between 
fw, stream composition, and, by assumption, 
implicitly, water saturation and saturation 
gradient. It therefore suffices, together 
with appropriate boundary conditions, for 
the solution of any flow problem falling 
within the restrictions stated above. Such 
solutions are obtainable by numerical 
means. ; 

Eq. 13 conveys a considerable amount of 
information regarding certain problems in 
oil production, but we shall forego detailed 
discussion of it until it can be shown to be 
quantitatively applicable. Good qualitative 
correspondence between theory and experi- 
ment have, however, already been observed 
in many cases. 


THE BouNDARY EFFECT 


Discussion of capillarity in sands would 
be incomplete without particular mention 
of the special behavior of the fluids as they 
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flow past a discontinuity in the capillary 
properties of the porous medium. Such a 
discontinuity, for example, is the outflow 
face of a sand column. 

In the interior of a uniformly saturated, 
uniform sand mass, no fluid flow due to 
capillarity occurs, since the pressures due 
to capillarity act equally in all directions, 
and hence exactly cancel each other. 

At the outflow face of the sand column, 
however, there is a discontinuity in the 
capillary properties of the sand, since the 
water passes abruptly from a region of 
relatively high capillary pressure (the sand) 
into a void in which (since the restraint 
imposed by the sand grains is absent) the 
oil-water interface has no sensible curva- 
ture, and the capillary pressure therefore 
vanishes. Capillarity in the sand tends to 
draw the water into the sand from the void, 


a tendency that must be overbalanced by 


the impressed pressure gradient if water is 
to pass from the sand. Since part of the 
impressed pressure gradient goes to over- 
come the capillary pressure and hence is 
ineffective for overcoming frictional energy 
losses in the water, the water moves less 
rapidly than normally in the boundary. 
The water thus accumulates in the bound- 
ary grain layers, and the increased water 
saturation causes a decrease in the permea- 
bility to oil. The boundary thus makes 


egress of both oil and water more than 
~ normally difficult. This whole behavior will 


be called the ‘‘ boundary effect.” 
Where water and oil are flowing steadily 
through the boundary, it is possible to 


_ show, and has been observed experimen- 


tally, that there is a saturation gradient, 
from a relatively high water saturation in 
the boundary to the lower one to be pre- 
dicted for steady flow in the absence of 
capillary forces, or at a very large distance 


- from the boundary. Similar behavior is ob- 


served in unsteady flow. The boundary 
effect thus involves distortion of the “‘nor- 
mal” saturation profile in the sand. The 
distance to which appreciable distortion 
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takes place can be shown (eq. 13) to vary 
directly with the interfacial tension of the 
fluids and the permeability of the sand, and 
inversely with oil viscosity and total liquid 
rate. Calculations show that, at ordinary 
reservoir flow rates, the boundary effect is 
confined to a zone a few feet in diameter 
near the well, therefore probably is not an 
important factor in behavior of arge-scale 
reservoirs. However, it is extremely impor- 
tant to recognize its existence and nature in 
interpreting the results of small-scale labo- 
ratory experiments. Indeed, it seems likely 
that many such experiments reported in the 
literature have been improperly interpreted 
because of failure adequately to account for 
the boundary effect. 


SUMMARY 


The static equilibrium vertical distribu- 
tion of fluids of different densities in porous 
solids has been discussed from a largely 
thermodynamic standpoint. The abandon- 
ment of the ‘capillary tube”’ concept of 
sand structure is urged, and the substitu- 
tion of the concept of a characteristic dis- 
tribution of interfacial two-fluid curvatures 
with water saturation is suggested. Experi- 
mental determination of this curvature- 
saturation relation for unconsolidated sands 
is described, and the results obtained are 
correlated so as to apply to all clean uncon- 
solidated sands. The extent of the two-fluid 
interfacial surface area is shown to be 
determinable from thermodynamic consid- 
eration of the curvature-saturation relation. 

The concepts developed are applied 
briefly to problems in the flow of mixtures 
of immiscible fluids in porous media, with 
emphasis on the proper accounting for the 
effects of capillarity on mixture flow. The 
existence of a boundary effect, characteristic 
of any discontinuity in the capillary prop- 
erties of the solid medium, is pointed out. 
The importance of adequately accounting 
for its influence in the interpretation of 
data from small-scale flow experiments is 
stressed. 
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DISCUSSION 


D. L. Karz,* Ann Arbor, Mich.—Dr. Lev- 
erett’s paper is a timely one and of particular 
interest to me. The percentages of oil saturation 
remaining in depleted oil sands based on flow 
experiments are of the order of 30 to 60 per 
cent liquid saturation. This concept has led 
us to neglect the ability of ‘oil and water to 
drain of their own accord down to a final 
saturation of 8 to 1o per cent in the upper 
portion of thick sand sections. This means that 
oil will drain from thick permeable sands and 
reduce the final saturation much lower than 
any fluid drive could reduce it. It follows that 
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claims for efficient recovery of oil from thick 
sands by fluid drives probably are unsound if 
compared with the recovery by drainage of the 
oil to the final saturations indicated in the 
paper. 

It should be noted that Dr. Leverett bases 
the water-oil-sand relations on the preferential 
wetting of the sand by the water but states 
that exceptions to this preferential wetting by 
water may occur. This possibility that water 
does not preferentially wet the sand should not 


be forgotten when working with ‘naturally 


occurring systems. 


S. C. Herorp,* Los Angeles, Calif—Dr. 
Leverett’s paper contributes to our knowledge 
of events within a producing reservoir in a 
manner aptly stated by S. E.: Buckley just 
a year ago in the following words: 

“Regardless of the geometrical complexity 
of the conditions met in actual practice and 
the resulting difficulty in drawing exact con- 
clusions, the underlying physical principles 
may be discovered through laboratory investi- 
gation, and once delineated and understood 
may be relied upon for the interpretation of the 
behavior of individual wells and of complete 
reservoirs. In fact, a knowledge of these prin- 
ciples is absolutely essential to any intelligent 


study of the drainage of oil and gas, the spacing: 


of wells, the value of gas injection, or the use 


of water-flooding in secondary recovery 
operations.”’ 
The patient investigations of Muskat, 


Botset, Wyckoff and Lewis likewise clarify 
our conceptions of reservoir behavior. Field 
reservoirs are too complex and too erratic in 
their behavior, and there are too many factors 
in simultaneous action for us to rely upon them. 
In the laboratory it is a simple matter to 
eliminate in turn all the disturbing factors 
except the selected one for each particular 
investigation. A subsequent compilation of the 
results of necessity will reveal the performance 
of the well or that of the reservoir. The method 
is comparatively new in the oil industry, 
although it has had a general application in 
other sciences since the fourth century B. C. 
The industry is fortunate in having the work 
of these investigators. No longer need we 
deal with the uncertainties of field data, 


* Corisulting Petroleum Geologist and Engineer. 
21$,. E. Buckley: Trans. AI, M. E. (1940) 136, 104. 
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DISCUSSION 


particularly where these data originate in 
observations by untrained individuals. 

Mr. Leverett’s suggestion that we discard 
the analogy between a sand and a bundle of 
straight, cylindrical capillary tubes is timely. 
Any such analogy is misleading. Uren first 
pointed this out some years ago in the following 
words:2? “An oil sand -is not a ‘bundle of 
capillary tubes’ converging on a well.” 

Furthermore, the idea that the Jamin effect 
can stop flow was discarded by Versluys in the 
following terms:2% “J. Plateau proved that 
Jamin had not taken all the necessary precau- 
tions with his experiments. With the precau- 
tions Plateau took, the effect was much less. 
The writer believes that the Jamin effect would 
not be observed in a cylindrical tube, if it were 


4 possible to work more accurately than Plateau 


did.” As a matter of fact, Plateau did the best 
he could to see that the tubes were clean. 


- With the laboratory refinements of today, 
undoubtedly it is possible to improve upon 


sven 


——_— > 


a ie as 


Plateau’s methods. This should in itself prove 


22. C. Uren: Trans. A.I.M.E. (1928-1929) 82, 358. 
28 J. Versluys: Bull. Amer. Assn. Petr. Geol. (Feb. 
1931) 15 (2), 196-200. 
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that the application of any such effect is now 
unwarranted. Botset came to this conclusion 
by experimentation with an ingenious electrical 
apparatus which showed very clearly that:%4 
ss . even in the case of mixtures any 
pressure gradient however small will cause 
fluid to move through a porous medium.” 

Buckley apparently agrees with this, for he 
said:*4 “Tt follows that so long as a pressure 
gradient exists in a continuous body of sand, 
flow will continue.” 

The preponderance of opinion obviously is 
against the concept of the capillary tube and in 
favor of the more realistic one; namely, “the 
concept of a characteristic distribution of 
interfacial two-fluid curvatures with water 
saturation,” as offered by Leverett. This is 
clearer and in exact agreement with laboratory 
results. We cannot explain all that we observe 
in the field, but laboratory experimentation, 
supported by the integrations of the simpler 
partial differential equations of the second 
order and second degree, in time will reveal 
with precision that which we desire to know. 


24 Wyckoff, Botset and Muskat: Trans. A.I.M.E. 
(1933) 103, 239. 


Phase Behavior in the Methane-propane-n-pentane System 


By R. T. Carrer,* B. H. Sacre, MEmper A.I.M.E., anp W. N. Laceyf 


(Los Angeles Meeting, October 1940) 


Tue phase behavior of a number of 
binary systems consisting of paraffin hydro- 
carbons has been determined in recent 
years. In addition, the composition of the 
coexisting phases of mixtures of crude oil 
and natural gas has been investigated.! 
However, the latter study did not include 
information concerning the influence of the 
concentration of a component upon its 
distribution between two coexisting phases. 
Owing to the paucity of such information 
it was considered desirable to investigate 
in some detail the composition of the co- 
existing phases in the methane-propane-n- 
pentane system throughout the greater 
part of the two-phase region at a tempera- 
ture of 100°F. Information of this nature 
also permits the establishment of the 
critical behavior of this ternary system. 


MeEtTHOD 


The compositions of the coexisting phases 
in this ternary system at 1oo°F. were deter- 
mined by withdrawing samples from a pres- 
sure vessel containing a heterogeneous 
mixture of the three components that had 
been brought to equilibrium by mechanical 
agitation at the desired pressure and tem- 
perature. The samples were withdrawn 
under such conditions that the equilibrium 
was not disturbed and the composition of 
each of the phases was ascertained by 
means of the conventional low-temperature 
fractionation procedure. 


Manuscript received at the office of the Institute 
Aug. 1, 1940. Issued as T.P. 1250 in PETROLEUM 
TECHNOLOGY, November 1040. 

* Standard Oil Company of California Fellow, 
California Institute of Technology, Pasadena, 
California, eh ee } ; 

Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
1 References are at the end of the paper. 


The apparatus employed in this investi- 
gation was nearly the same as that utilized 
in an earlier study of the methane-n- 
pentane system.” Several minor modifica- 
tions in the arrangement of the apparatus 
were made in the interest of simplifying 
the procedure and avoiding the possibility 
of condensation in the tubing connecting 
the equilibrium apparatus with the analyti- 
cal equipment. The pressures were meas- 
ured by means of a pressure balance with 
a precision of o.5 lb. per sq. in. It is believed 
that the equilibrium pressure was ascer- 
tained with an uncertainty of not more than 
2 lb. per sq. in., even though small varia- 
tions in pressure obtained during the 
withdrawal of the samples. The tempera- 
ture of the equilibrium equipment was 
maintained by use of an automatically 
controlled oil bath. The bath temperature 
was determined by means of a copper- 
constantan thermocouple, the electromo- 
tive force being determined by means of a 
potentiometric circuit of such a nature as 
to reduce the uncertainty of the tempera- 
ture to less than 0.1°F. 

The fractionating column employed in 
the determination of the composition of the 
gas phase had a diameter of 0.12 in. and 
was approximately 4 ft. long, while the 
column employed in the analysis of the 
liquid phase was 0.18 in. in diameter and 
about 5 ft. long. Each column was equipped 
with the conventional constant-volume 
receivers, which were maintained at a 
constant temperature by means of an 
automatically controlled oil bath. In 
nearly every case the distillation in the 
neighborhood of the transition between 
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one component and another was repeated 
in order to check the completeness of the 
separation of the components. The preci- 
sion attained with the analytical equipment 


METHANE 


n-PENTANE ° ro) re} re} *— PROPANE 
> o v > 


- Fic. 1.—MOLAL COMPOSITION DIAGRAM AT 200 
POUNDS PER SQUARE INCH AND 100°F, 


_ was of the order of 0.001 mol fraction, while 
_it is believed that the absolute uncertainty 
_ in the mol fraction of a component insofar 
as the analytical technique was concerned 
_ was less than 0.002 mol fraction. 
However, this did not represent all of the 
uncertainty of measurement at low pres- 
sures. It was possible that very small 
amounts of liquid phase on the walls of the 
- equilibrium chamber near the sample outlet 
_ were carried out with the sample of gas 
phase. At low pressures this entrainment 
may have increased the concentration of 
- the heavier component to a marked extent. 
At higher pressures its influence would 
have been much less. It is probable, if 
all of the factors are considered, that the 
- uncertainty in the mol fraction of a compo- 
nent in a phase was approximately 0.005. 
_For this reason it is to be expected that 
the behavior of components present in 
relatively small amounts would not be 
established with sufficient accuracy to be 
of great engineering utility. However, 
for components present in reasonable 
quantity it is believed that the results are 
descriptive of actuality at least within 
3 per cent. 
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MATERIALS 
The methane used in this investigation 
was obtained from the Buttonwillow field 
in California. The material as received 
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Fic. 2.—MOLAL COMPOSITION DIAGRAM AT 500 
POUNDS PER SQUARE INCH AND 100°F. 


was saturated with water and contained 
approximately 0.003 mol fraction of carbon 
dioxide and 0.0004 mol fraction of heavier 
hydrocarbons. Before use the material was 
passed successively through calcium chlo- 
ride, potassium hydroxide, activated char- 
coal and Ascarite at pressures in excess of 
500 lb. per sq. in. In addition, it was 
passed through a copper coil cooled with a 
mixture of solid carbon dioxide and acetone. 
It is believed that the material employed 
contained less than 0.001 mol fraction of 
material other than methane. 

The propane used in this study was 
obtained from the Phillips Petroleum Co., 
whose analysis indicated that the maximum 
possible impurities would amount to less 
than o.oo05 mol fraction. The vapor 
pressure of samples of this hydrocarbon 
showed less than o.2 lb. per sq. in. change 
during condensation from dew point to 
bubble point at a temperature of 160°F. 

The n-pentane employed in this investi- 
gation was obtained from the Phillips 
Petroleum Co., whose analysis indicated 
that the material contained 0.995 mol 
fraction »-pentane and 0.005 mol fraction 
of isopentane. Before use the material 
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was deaerated by prolonged boiling at 
reduced pressures. The material was 
added to the equilibrium chamber in 
such a way as to avoid contact with the 
atmosphere. 
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Fic. 3.—MOLAL COMPOSITION DIAGRAM AT 1000 
POUNDS PER SQUARE INCH AND 100°F, 


EXPERIMENTAL RESULTS 


The experimental work relating to the 
behavior of this system was carried out 
during a two-year period and the results 
have been obtained using different proce- 
dures with regard to the details of the with- 
drawal of samples without apparently 
modifying the results significantly. All of 
the experimental results obtained at pres- 
sures above 500 lb. per sq. in.* have been 
recorded in Table 1. Similar measurements 
were made at 200 lb per sq. in., but owing 
to the importance of entrainment at low 
pressures and to the small quantity of 
material available for analysis, the composi- 
tion of the gas was not established with 
the same accuracy as was attained at the 
higher pressures. Furthermore, the concen- 
tration of methane in the liquid phase was 
so small as to render its measurement 
difficult. For these reasons the results 
obtained at pressures below 500 lb. per 
sq. in. have not been reported in tabular 
form. 

The compositions of the coexisting phases 
at 200, 500, 1000, 1500 and 2000 Ib. per 


* All pressures reported are absolute. 
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sq. in. are depicted in Figs. 1 to 5, inclusive. 
In each case dotted “combining lines”? 
connecting the coexisting phases have been 
included for the experimentally deter- 


Sat + 


mined states. The solid combining lines — 


TABLE 1.—Experimentally Determined 
Composilions of Coexisting Phases at 


100°F. 
Pres- Gas Phase Liquid Phase 

sure, 
Lb. per 

Cee Meth-| Pro- | n-pen-| Meth-|} Pro- | m-pen- 

. ane pane | tane ane pane | tane 

500 |0.755%| 0.218] 0.027] 0.139] 0.446] 0.415 

0.607 | 0.374] 0.019] 0.136] 0.743] 0.121 

0.796 | 0.164] 0.040] 0.147] 0.324] 0.529 

0.895 | 0.054] 0.051) 0.156] 0.105] 0.739 

1000 |0 716 | 0.262} 0.023] 0.306] 0.589] 0.105 

0.723 | 0.257| 0.020] 0.311] 0.548] 0.141 

0.871 | 0.088] 0.041] 0.302] 0.220] 0.478 

0.922 | 0.036] 0.042] 0.311] 0.087] 0.602 

1500: |O.812 | 0.145] 0.043] 0.469] 0.289] 0.242 

0. 81t | 0.145} 0.044] 0.468] 0.299] 0.233 

0.808 | 0.148] 0.044] 0.470] 0.301] 0.229 

0.754 | 0.203] 0.042] 0.493] 0.364] 0.143 

0.862 | 0.085] 0.053} 0.454] 0.187] 0.359 

0.918 | 0.030) 0.052] 0.446] 0.068] 0.486 

2000 |0.8185| 0.104} 0.078] 0.820] 0.103} 0.077 

0.669>| 0.151} 0.180} 0.668} 0.151] 0.181 

0.856 | 0.057] 0.087] 0.609] 0.096] 0.295 

0.798 | 0.097] 0.105] 0.631] 0.149] 0.220 

0.875 | 0.042] 0.083] 0.600] 0.066) 0.334 


2 Compositions are expressed as mol fraction. 
+ Single-phase region. 


shown are for even values of a parameter C 
which is defined by the following equation: 


(CNS See [x] 


The quantities X3 and X, represent the mol 
fraction of propane and n-pentane, re- 
spectively, in the liquid phase. Information 
concerning the phase behavior of the three 
binary systems has been taken from earlier 
measurements relating to the methane-n- 
pentane,‘ methane-propane® and propane- 
n-pentane® systems. Figs. 1 to 5 show that 
the results are reasonably consistent with 
the earlier measurements for the binary 
systems containing methane. p 
The three sets of measurements at 
pressures of 1500 lb. per sq. in. for states 
with nearly the same composition indicate 


™. ~ 
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‘the agreement that was obtained between 
sets of duplicate measurements. In general, 
the agreement found is somewhat better 
than would be expected from the estimated 
uncertainty. The compositions as deter- 
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Fic. 4—MOLAL COMPOSITION DIAGRAM AT 1500 
POUNDS PER SQUARE INCH AND 100°F, 
mined by the two fractionating columns 
from separate samples taken in the single- 
phase region are recorded in Table 1 and 
indicate the relative performance of the two 
pieces of equipment. These results indicate 
somewhat smaller uncertainty than was 
obtained in some of the heterogeneous 
equilibrium measurements in which en- 

trainment was possible. 

In order to aid in the visualization of the 

combined influence of pressure and com- 
position upon the phase behavior of the 
system, an equilateral projection of a 
pressure-composition figure for the meth- 
ane-propane-7-pentane system at 100°F. as 
viewed obliquely from above is presented 
in Fig. 6. The vapor pressures of propane 
and n-pentane depicted in this diagram 
were taken from published values.’® 
The behavior of the methane-n-pentane 
system is described by the closed loop 
ABCDE, which is in the plane ASQR of 
this figure. Similarly, the loop LMNO 
depicts the behavior of the methane- 
propane system in the plane LPQR. The 
two-phase region of the propane-n-pentane 
system occupies only the very narrow 
area between A and L in plane ASPL. 
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The intersection of several isobaric 


planes with the figure has been indicated. 
For example, the behavior at 500 lb. per 
sq. in. is indicated by the figure BEKOMG. 
The similarity of this section with the 


METHANE 


n-PENTANE % & oe % PROPANE 
Fic. 5.—MOLAL COMPOSITION DIAGRAM AT 2000 
POUNDS PER SQUARE INCH AND 100°F. 
diagram of Fig. 2 is evident. The line 
BGM depicts the possible variations in the 
composition of bubble-point liquid, while 
the line EKO shows the variation in the 
composition of dew-point gas under the 
same conditions. As shown in Fig. 6, 
this pressure is below the critical pressure 
of both the methane-u-pentane and the 
methane-propane systems at t1oo°F. In 
each of the isobaric sections the “‘combin- 
ing lines” corresponding to even values of 
the parameter C, which is defined by 
equation 1, have been indicated. 

The behavior of the ternary system at a 
pressure of 1500 lb. per sq. in. is depicted 
by the plane figure CDJH. In this instance 
the pressure is above the critical pressure 
of the methane-propane system at this 
temperature and the existence of two 
phases at the intersection of this isobaric 
plane with the plane LPQR is impossible. 
The dotted locus TN has been included to 
show the variation in the critical pressure 
with the composition of the system. The 
data indicate that the maximum two-phase 
pressure at this temperature occurs at the 
critical state T of the methane-n-pentane 
system. There is a gradual decrease in the 
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critical pressure from this state at T to the 
critical state of the methane-propane 
system at JV. 

The behavior of a series of ternary mix- 
tures subject to a common restraint with 
respect to variations in composition is de- 
picted by the loop FGHIJK. This loop is 
characterized by the constancy of the pa- 
rameter C at a value of o.2 and is a figure of 
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such restricted composition variation that 
the ratio of propane to propane plus -pen- — 
tane in the liquid phase is maintained at a 
constant value. In this diagram the mol 
fraction of methane in each system has been 
depicted along the abscissa while the corre- — 
sponding bubble-point and dew-point pres- 
sures are presented as the ordinates. In the 
methane-propane and methane-n-pentane 
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TABLE 2.—Equilibrium Constants for Components of Methane-propane-n-pentane System 
at 100°F. 


Composition Gas Phase 


Composition Liquid Phase 


Equilibrium Constants 
eee 
. per 
Sq. In ce 

Abs. Meth- Pro- n-pen- 
ane pane tane 
500 ° 5.88 0.503 0.072 
0.2 5.71 0.503 0.072 
0.4 5.51 0.504 0.075 
0.6 5.24 0.504 0.087 
0.8 4.87 0.522 0.125 

1.0 4.36 0.549 
1000 to) 3.08 0.403 0.077 
Oc2 2.94 0.403 0.078 
0.4 2.80 0.404 0.084 
0.6 2.65 0.416 0.007 
0.8 2.39 0.458 0.155 

1.0 1.99 0.53 
1500 ° 2.14 0.437 0.105 
0.2 2.01 0.441 Or ET 
0.4 1.86 0.458 0.147 
0.6 L720 0.501 0.214 
0.8 1.40 0.626 0.432 
2000 ° 1.58 0.572 0.204 
$ 0.2 44 0.581 0.263 
0.4 1.28 0.646 0.460 


a See equation I. 


Meth- Pro- n-pen- | Meth- Pro- n-pen- 
ane pane tane ane pane tane 
0.940%} 0.000 0.060 0.160 fe) 0.840 
0.866 0.085 0.049 0.152 0.170 0.678 
0.788 OnE 73 0.039 0.143 0.343 0.514 
0.708 0.262 0.030 0.135 0.519 0.3406 
0.613 0.365 0.022 0.126 0.699 0.175 
0.516 0.484 ° 0.118 0.882 fs) 
0.947 te) 0.053 0.308 ° 0.692 
0.901 0.056 0.043 0.306 0.139 0.555 
0.853 0.112 0.035 0.304 0.278 0.418 
0.799 0.174 0.027 0.302 0.419 0.279 
0.723 0.255 0.022 0.304 0.557 0.139 
0.64 0.36 ° 0.321 0.679 ° 
0.941 fo) 0.059 0.439 te) 0.561 
0.900 0.049 0.051 0.448 0.110 0.442 
0.853 0.009 0.048 0.459 0.216 0.325 
0.794 0.160 0.046 0.467 0.320 0.213 
0.711 0.246 0.043 0.508 0.394 0.0908 
0.914 to) 0.086 0.579 ° 0.421 
0.871 0.046 0.083 0.606 0.079 0.315 
0.801 0.096 0.103 0.628 0.149 0.223 


>’ Compositions are expressed as mol fraction. 


generation, since it intersects each isobaric 
plane in a straight combining line. The 
composition of a heterogeneous ternary 
mixture whose liquid phase yielded the 
given value of C would lie along this com- 
bining line corresponding to the pressure in 
question. Additional figures corresponding 
to any other value of this parameter could 
be depicted. 

The pressure-composition diagram of 
Fig. 7 illustrates still further the nature of 
ternary systems subject to the above-de- 
scribed restricted variations in composition. 
The behavior of the methane-n-pentane 
and the methane-propane system is indi- 
cated as well as the pressure-composi- 
tion relations of two ternary systems of 


systems the abscissa corresponding to zero 
mol fraction methane represents pure pro- 
pane and pure #-pentane, respectively. In 
the two restricted ternary systems this 
point on the abscissa corresponds to a mix- 
ture of propane and m-pentane containing 
the designated relative amount of propane. 
For these cases there would. be a separation 
of the dew-point and bubble-point lines for 
the ternary mixtures at zero mol fraction 
of methane. 


Ne ee 


EQUILIBRIUM CONSTANTS FOR THE 
COMPONENTS 


The ratio of the mol fraction of a given 
component in the gas phase to its mol frac- 
tion in a coexisting liquid phase has been 
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called an ‘“‘equilibrium constant.” Actually 
this ratio is a function of the state of the 
heterogeneous system although under cer- 
tain conditions where the components ap- 
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Fic. 6.—MOoOLAL COMPOSITION-PRESSURE DIA- 
GRAM FOR TERNARY SYSTEM AT 100°F, 


proach the laws of ideal solution rather 
closely it is primarily a function of pressure 
and temperature and is nearly independent 
of the nature and amount of the other 
components present. 

From the experimental data recorded in 
Table 1 the corresponding equilibrium con- 


BS) 


stants for each of the components were 
calculated. The results were interpolated 
to even values of the relative quantity of 
propane and m-pentane in the liquid phase 
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Fic. 8.—EQUILIBRIUM CONSTANTS FOR METH- 
ANE IN THE METHANE-PROPANE-”-PENTANE 
SYSTEM AT 100°F, 


as measured by the parameter C of equa- 
tion 1. The variation in the equilibrium 
constants for methane with pressure for 
different ratios of propane to propane plus 
pentane in the liquid phase is presented in 
Fig. 8. The product of the equilibrium con- 
stant and the pressure has been employed 
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in this diagram in order to depict the influ- 
ence of environment upon the equilibrium 
constants for methane with greater preci- 
sion than would be possible by plotting the 
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Fic. 9.—EQUILIBRIUM CONSTANTS FOR PRO- 
PANE IN THE METHANE-PROPANE-/-PENTANE 
SYSTEM AT 100°F, 


equilibrium constant itself. The values de- 
scribing the behavior of methane in the 
pertinent binary systems were obtained 
from information already available in the 
literature.“> However, the equilibrium con- 
stants of methane in the methane-n-pen- 
tane system have been modified slightly 
from the earlier values‘ in order to bring 
these results into agreement with more 
recent measurements, which are as yet 
unpublished. There were insufficient data 
to ascertain with accuracy the influence of 
environment upon the equilibrium constant 
in the neighborhood of the critical state. 
For this reason the curves in Fig. 8 have 
been dotted at the higher pressures. It 
should be realized that the extremities of 
these curves at low pressures correspond to 
the behavior of methane at infinitesimal 
concentration in mixtures of propane and 
n-pentane whose liquid-phase composition 
corresponds to the value of C indicated. 
The influence of the state of the system 
upon the equilibrium constants of propane 
is shown in Fig. 9. A logarithmic ordinate 
scale has been employed to present these 
data to better advantage than would the 
use of a linear scale. The experimental 
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information indicates an appreciable influ- 


ence of the nature and amount of the other © 


components upon the behavior of propane 
at pressures as low as 500 Ib. per sq. in. At 
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Fic. 10.—EQUILIBRIUM CONSTANTS FOR 
N-PENTANE IN THE METHANE-PROPANE-M- 
PENTANE SYSTEM AT 100°F. 
the higher pressures these influences be- 
come of importance comparable to that of 
pressure. However, the influence of the 
composition of the liquid phase apparently 
is less significant in mixtures containing 
smal] amounts of propane than in those 
rich in this component. This is indicated by 
the proximity of the lines corresponding to 
small values of C while there is a rather 
wide separation between the curves corre- 
sponding to values of C near unity. Again 
the experimental information was insufh- 
cient to establish with accuracy the behav- 
ior in the vicinity of the critical states, 
which accounts for the dotted portion of 
the curves at the higher pressures. 

Similar information for m-pentane is 
shown in Fig. 10, in which the equilibrium 
constant is again presented upon a loga- 
rithmic scale. The data were not accurate 
enough to permit the estimation of the 
behavior of n-pentane in the part of the 
ternary system containing very little of 
this component. For that reason the dotted 
curve corresponding to the behavior of 
n-pentane in the methane-propane system 
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can be considered as being only qualitative. 
The behavior of m-pentane in the propane- 
n-pentane system was estimated from ear- 
lier measurements® upon this binary system. 

The information presented in Fig. 10 
indicates that at pressures as low as 300 lb. 
per sq. in. there is still an appreciable influ- 
ence of the nature and amount of the other 
components upon the phase behavior of 
n-pentane. Moreover, at higher pressures 
this influence becomes of the same order of 
importance as the pressure. As for propane, 
the most marked variations in the equilib- 
rium constant at a particular pressure and 
temperature are found at the higher con- 
centrations of propane while in the vicinity 
of the methane--pentane system the effect 
of small variations in the relative amount of 
- propane is not great. 


SUMMARY 


This study of the phase behavior of the 
methane-propane-u-pentane system indi- 
cated that at roo°F. the critical pressures of 
the ternary mixtures are less than the criti- 
cal pressure of the binary mixture whose 
components exhibit the maximum diver- 
gence in critical temperature. However, 
the experimental work was not complete 
enough to establish the critical behav- 
ior with great accuracy and it is possible 
that a small maximum might exist in the 
ternary region in the immediate vicinity of 
the methane-n-pentane axis. The experi- 
mental measurements indicate a marked 
influence of the nature and amount of other 
components upon the phase behavior of 
these lighter paraffin hydrocarbons. These 
effects are appreciable in propane and 
n-pentane at a pressure of 500 lb. per sq. in. 
and pervade the entire two-phase region for 
methane. Such a great dependence of the 
equilibrium constants upon the nature and 
amounts of the other components present 
detracts appreciably from their usefulness. 
It becomes necessary to consider this “‘con- 
stant” to be a function of the state of the 
heterogeneous system rather than a quan- 
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tity that is a function only of pressure and 
temperature. The variations are so pro- 
nounced as to render the prediction of the 
phase behavior of systems of this nature 
from generalizations based alone upon vari- 
ations in pressure and temperature of little 
avail at pressures in excess of 1000 lb. per 
sq. inch. 

It is possible that the chemical potential 
of a component in a phase may be employed 
along with the pressure and temperature as 
an index of thermodynamic equilibrium. 
Under these circumstances the prediction 
of the phase behavior is simplified some- 
what, since the chemical potential is a 
function only of the state of a phase rather 
than of the state of the heterogeneous sys- 
tem as a whole. Furthermore, such means 
of prediction would interrelate the phase 
behavior with the volumetric and thermal 
properties of the system. However, the 
prediction of the chemical potential of a 
component in a phase requires detailed 
information concerning the partial volu- 
metric behavior of that component from 
infinite attenuation to the pressure in ques- 
tion throughout the range of compositions 
of interest and little experimental informa- 
tion of this nature is at present available. 
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DISCUSSION 


C. L. Horine,* Long Beach, Calif.—This is 
one of the few cases in which a three-component 
hydrocarbon system (that is, a mixture of three 
pure substances found in petroleum) has been 
studied to any great extent. Because research 
workers have been able to devise such a solid 
theoretical background with which to predict 
the general behavior of three-component sys- 
tems, there has been little academic interest 
in the actual experimentation with them. How- 
ever, from the standpoint of the petroleum 
industry, these results form another essential 
building block in the process of gathering funda- 
mental information about these hydrocarbons 
that daily we work with—or for. 

It is true, as some may point out, that the 
industry seldom has instances in which engi- 
neering calculations would be desired for mix- 
tures of only methane, propane and normal 
pentane. However, the results given in this 
paper could be used to help check, modify, or 
expand the equilibrium constants already pub- 
lished by these authors as Tentative Equilib- 
rium Constants for Light Hydrocarbons. 
Recently we used the latter paper, along with 
other data, to calculate the bubble point and 
formation-volume factor for a section of the 
Coalinga Nose oil field. The practical applica- 
tion of such calculations can be seen when it is 
remembered that the bubble point is that point 
on the reduction of pressure at which the first 
bubble of gas appears from what previously was 
a complete liquid or oil phase; and the forma- 
tion-volume factor is the factor with which the 
barrels of pore, or void, space in a petroleum 
reservoir can be converted to barrels of tank oil 
on the surface of the ground. Calculations of 
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this type, when they are possible, involve a 
great deal less expense and less costly labora- 
tory equipment than would direct measure- 
ments of these points and factors in the 
laboratory. 

In connection with the expansion of these 
equilibrium constants, it might be noticed that 
the data in this paper indicate that the effect of 
composition on equilibrium constants is great- 
est for components of higher molecular weight; 
that is, the heavier components. 

It is, perhaps, unfortunate that experi- 
mental conditions make it difficult or impossi- 
ble to obtain good data for such mixtures as 
these at pressures below 500 Ib. per sq. in. 
Such data could serve as direct experimental 
checks on the accuracy of equilibrium constants 
that are being used at present by the industry— 
mainly in connection with the manufacturing of 
natural gasoline. Such data likewise would 
indicate the degree to which equilibrium con- 
stants at lower pressures are dependent on 
composition. 

The authors have suggested the use of an 
additional concept, ‘‘chemical potential.” This 
term is new to many of us, and, therefore, some- 
what disagreeable. However, the cold facts are 
that the entire subject of the phase behavior of 
petroleum mixtures is exceedingly complex. 
Almost no headway can be made on problems in 
this field without the fundamental experi- 
mental work that is being done by such men as 
Dr. Sage and Dr. Lacey. If research workers in 
this field believe that a more logical and, in the 
end, more time-saving and economical ap- 
proach to the whole subject can be made by the 
use of additional concepts, such as chemical 
potentials, and if they make these data avail- 
able, technical men in the industry should not 
hesitate to use them. 


Volumetric Behavior of Oil and Gas from the Rio Bravo Field 
By B. H. Sacre,* Memper A.I.M.E., anp H. H. Reamer* 


(Los Angeles Meeting, October 1940) 


ATTEMPTS have been made to predict 
the volumetric and phase behavior of 
naturally occurring hydrocarbon mix- 
tures+-> but these methods have not been 
extended to the higher pressures and tem- 
peratures that are currently encountered in 
some producing formations. Furthermore, 
the methods of prediction at present avail- 
able have not been tested in a sufficient 
number of cases to ensure their applica- 
bility to all naturally occurring hydrocar- 
bon mixtures, even at the lower pressures 
and temperatures. For these reasons the 
behavior of a number of hydrocarbon mix- 
tures from a field in which the subsurface 
pressures are above 4500 lb. per sq. in. 
and the temperatures are in the neighbor- 
hood of 250°F. was investigated. 


METHOD 


The objective of this program was to 
determine the volumetric behavior of ma- 
terial as it existed in the reservoir as a 
function of pressure, temperature and com- 
position. Strictly speaking, this cannot be 
accomplished in any simple fashion. How- 
ever, the variations in composition that are 
encountered within a producing reservoir 
may be approximated roughly by means of 
mixtures made up of two arbitrarily chosen 
constituents. Experience indicates that the 
liquid and gas phases from a high-pressure 
gas trap afford a simple source of material 


Manuscript received at the office of the Institute 
Aug. 5, 1940. Issued as T.P. 1251 in PETROLEUM 
TrcHNOLOGY, November 1940. . 

* Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, Pasadena, 
California. ; 

1 References are at the end of the paper. 

+ All pressures reported are absolute. 
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for this purpose. Throughout this discus- 
sion the samples of the gas phase and liquid 
phase from the production trap will be 
called the “‘trap-gas sample” and the 
‘‘trap-liquid sample,”’ respectively. 

The volumetric behavior of both of the 
trap samples was determined throughout 
the temperature interval between 100° and 
250°F. at pressures up to sooo lb. per sq. in. 
In addition, the behavior of eight different 
mixtures containing varying proportions of 
the two trap samples was studied through- 
out the same temperature and pressure in- 
tervals. The experimental results yielded 
information concerning the specific volume 
of the material as a function of pressure, 
temperature and the relative quantity of 
the trap samples. 

The relative amount of each of the paraf- 
fin hydrocarbons of lower molecular weight 
than -hexane was determined for each of 
the trap samples. In addition, the specific 
weight, viscosity and average molecular 
weight of the hexanes-and-heavier fraction 
of the trap-liquid sample were determined 
as well as similar information for each of 
five fractions separated from this material 
by distillation. From these data the weight 
fractions of each of the components from 
methane through pentane were determined 
for the trap samples and eight systemati- 
cally chosen mixtures. 


MATERIALS 


The gas and liquid samples were obtained 
from the production trap of a well in the 
Rio Bravo field in California during the fall 
of 1939. Information concerning the condi- 
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tion of the well and the nature of the pro- 
duction at the time of sampling is recorded 
in Table 1. There was some indication of 
the presence of a plastic material, some- 


TABLE 1.—Sampling Conditions 


Fielakioy..t. cdit Rg view d zd ener Rio Bravo 
Approximate depth of well, ft... ....... II,500 
Gas-oil ratio, cu. ft. per bbl. ; ine or Lado 
Gravity of oil, deg. A.P.I. tee tens ee BOO. 
Trap pressure, lb. per sq. int aboees cane 465 
Approximate subsurface pressure, lb. per 

SQip 8. ADS Ao wc's soot ciasiel- ein New eeigene 4750 
Approximate subsurface temperature, 

OG OR wr acthe tie < Shean stant ain ataearatne rs 250 


times called ‘“‘bitumen,” in the well under 
the conditions of production then obtaining. 

Both the trap-liquid and trap-gas sam- 
ples were obtained in duplicate and sub- 
samples were taken for analysis. Before 
material was withdrawn from the gas- 
sample container it was heated to 280°F. 


TABLE 2.—Composition of Trap 


Samples 
Gas Liquid 
Gas : 2 
Mol |Weight| Mol | Weight 
Frac- | Frac- | Frac- | Frac- 
tion | tion tion tion 
Methane. oss .G.000 3 0.8602]0.7152/0.1058 |0.01499 
AA RARNG oii, sry uelauecdl se 0.0770/0.1200/0.05452/0.01448 
PIOPAGOT hs steers ol 0.0426/0.0973|0.08716}0.03395 
Teobutane..cccie,<. 0.0057/0.0172|0.02242/0.01I51 
MePHILATIC 6 cs ers ates 0.0087/0.0262]/0.00465/0.04860 
Isopentane........% 0. 0011|0.0041/0.02092/0.01334 
WePSHtANl. 1 vic cies 0.0014/0.0052|0.02587/0.01649 
Hexaties i ¥ «sas 0.0033/0.0147 
Fractions 
WSBT Ein. Msc 6 ore 0.08940 
238°F 0.09380 
ch) Sal ene SN ah 0.00821 
ea Set BP ROR Ee 0.1024 
SAG Ra eae nae 0.1050 
ROGET G sore iv. thet 0.3576 
Hexanes and heav- 
BE oi don ae eustnics 0.5887 |0.8466 


@ Average boiling point. 


for several hours and subjected to some 
mechanical agitation to avoid inhomo- 
geneities in the gas phase. The pressure 
within the liquid-sample container was 
raised to about 1000 lb. per sq. in. by the 
addition of mercury and the material was 
agitated for an extended period in order to 
assure the existence of a homogeneous 
liquid phase before material was withdrawn 
from it. The liquid phase was transferred 
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from the sample container by means of 
quiescent water displacement. 

The compositions of the trap-gas and 
trap-liquid samples are recorded in Table 
2, where the weight and mol fractions of the 


eee ee 


paraffin hydrocarbons of lower molecular — 


weight than hexane are tabulated. The 
weight fractions of the “cuts” 


obtained | 


from the fractionation of the heavier ma- — 


terial in the trap-liquid sample are also re- 
corded in this table. All of the material in 
the trap-gas sample of greater molecular 
weight than m-pentane was reported as 
hexane. Certain properties of the fractions 
from the hexanes-and-heavier portion of 
the trap-liquid sample are recorded in 
Table 3. 


LABORATORY PROCEDURE 


The apparatus and methods employed 
in this investigation have been described 
recently.*.7.8 The use of the two different 
pieces of equipment assisted materially in 
ascertaining the behavior of this system 
since each was better adapted to investiga- 
tions in certain regions. The trap-liquid 
sample was dried before it was introduced 
into the apparatus, by contact with granu- 
lar calcium chloride that had been brought 
to equilibrium with the dry sample. The 
quantity of the liquid sample added was 
determined from a knowledge of the change 
in total volume resulting from the with- 
drawal of a known weight of the material 
from the apparatus. This procedure per- 
mitted the direct evaluation of the weight 
of trap-liquid sample employed in a par- 
ticular set of measurements. In the study of 
the trap-gas sample and of mixtures of the 
trap samples, the quantities of gas em- 
ployed were determined gravimetrically by 
the weighing-bomb technique described 
recently,® 

These procedures permitted the estab- 
lishment of the weight of each of the trap 
samples utilized. with an uncertainty of not 
more than o.2 per cent. However, some 
difficulty was experienced in obtaining re- 
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producible samples of trap liquid from the 
original container. Variations in bubble- 
point pressures of as much as 2 per cent 
were encountered between different sam- 
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measurement of pressure was not more 
than o.1 per cent while the temperature was 
determined within 0.1°F. relative to the 
international platinum scale. The total 


TABLE 3.—Properties of Hexanes-and-heavier Fraction of Trap-liquid Sample 
cesses Seren EE RIS aE ES ec Te a aaa ie 


i Kinematic Vi i i 
Gravity, tke Wacegetby emtistolzes Viscosity | Average Average F 
Cut No. Pee: wg Gravity Polling Molecular a 
° oint, vs i 
G7oE. |, LOCH.) 130°F) || 2r0°F. Bocyor Deg. F. Weigas ae 
Fraction peers 35.2 S.1t 3.58 0.835 162.84 0.8466 
Pe evens tyes cave Ja 63.0 0.589 | 0.524 On 777 188e roo¢ 0.08949 
MeghiMeteh caveicaeeae 54.2 0.775 | 0.680 0.805 238 107 0.09380 
15 Re a 45.7 1.177 | 0.999 0.829 332 t37 0.09821 
ae. 38.6 2.40 I.89 0.841 440 179 0.1024 
Bigoenon = 34-4 5.24 3.8r 0.843 543 230 0.1050 
Residue....... 19.5 Te 5 le Dae LO: 0.885 402 0.3577 
* Determined from freezing-point lowering of benzene, extrapolated to infinite dilution. 
* Separated from fraction by distillation at atmospheric pressure. 
¢ Calculated from physical properties, Oil and Gas Jnl. (July 2, 1926). 
1.00 
0.95 
0.90 
>|- 
alo 0,85 
4 
0.80 
0.75 


1000 2000 


3000 4000 


PRESSURE LB. PER SQ.IN. 
Fic. 1.—COMPRESSIBILITY FACTOR FOR TRAP-GAS SAMPLE. 


ples of material taken from the container. 
However, there was no tendency for these 
pressures to decrease in a regular manner 
with time, as might have been expected in 
the event of a leak in the sample container. 
This, as well as other evidence, indicates 
the need of great care in the withdrawal 
of liquid samples from containers since con- 
centration gradients persist within the body 
of the liquid phase even after extended 
periods of agitation. 

It is believed that the uncertainty in the 


volumes of the samples were determined 
with an uncertainty of about 0.2 per cent 
throughout the range of conditions covered. 
However, difficulty in obtaining representa- 
tive samples from the original containers 
introduced uncertainties as large as 0.4 per 
cent. At the lowest gas-oil ratios and also 
at the higher pressures and gas-oil ratios 
where appreciable quantities of bitumen 
were separated, the over-all uncertainty 
was probably as large as 1.5 per cent. 
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EXPERIMENTAL RESULTS 


The behavior of the trap-gas sample was 
investigated experimentally at four tem- 
peratures between 100° and 280°F. at pres- 
sures from 300 to over 5000 Ib. per sq. in. 
Since the weight of gas employed in these 
investigations and its total volume as a 
function of pressure were known, the aver- 
age molecular weight could be predicted by 
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and from assumptions concerning the na- 
ture of the hydrocarbons in the sample of 
greater molecular weight than m-pentane. 
In order to avoid introducing an incon- 
sistency, the results have been reported 
in terms of the ‘‘compressibility factor”’ 
which corresponds to the ratio of the pres- 
sure-volume product for the actual gas to 
its pressure-volume product at zero pres- 
sure for the same temperature. 


TABLE 4.—Compressibility Factors for Trap-gas Sample 


Pressure, 

oa Pd 1oo°F. 130°F. 160°F. 190°F. 220°F. 250°F. 280°F. 

Abs. 
to) I.0000 I.0000 I.0000 I.0000 I.0000 I.0000 1.0000 
20 0.9973 0.9976 0.9978 0.9983 0.9986 0.9988 0.9990 
40 0.9940 0.9955 0.9960 0.9965 0.9973 0.9977 0.9981 
60 0.9908 0.9922 0.9939 0.9949 0.9955 0.9965 0.9972 
100 0.0845 0.9870 0.9803 0.9014 0.9928 0.9943 0.9955 
I50 0.9765 0.9804 0.9840 0.9870 0.98903 0.9915 0.9035 
200 0.9687 0.9741 0.9789 0.9829 0.9860 0.9888 0.99012 
300 0.9530 0.9612 0.9685 0.9745 0.9791 0.9832 0.9870 
400 0.9375 0.9485 0.9585 0.9664 0.9726 0.9780 0.9829 
500 0.9220 0.9360 0.9485 0.9582 0.9663 0.9728 0.97890 
600 0.9068 0.9238 0.9390 0.9504 0.9601 0.9678 0.9750 
700 0.89015 0.9118 0.92905 0.9428 0.9543 0.9628 0.9712 
800 0.8765 0.9000 0.9200 0.9353 0.9485 0.9580 0.9678 
1000 0.8470 0.8778 0.9022 0.9212 0.9375 0.9493 0.9610 
1250 0.8120 0.8516 0.8822 0.9057 0.9251 0.9400 0.9538 
1500 0.7835 0.8289 0.8650 0.8924 0.9147 0.9320 0.9477 
1750 0.7633 0.8112 0.8498 0.8820 0.9065 0.9260 0.9430 
2000 0.7515 0.8000 0.8430 0.8750 0.9010 0.9220 0.9403 
2250 0.7457 0.7955 0.8387 0.8713 0.8085 0.9203 0.9397 
2500 0.7469 0.7967 0.8385 0.8710 0.8088 0.9210 0.9405 
2750 0.7567 0.8027 0.8422 0.8731 0.9013 0.9238 0.9430 
3000 0.7700 0.8120 0.8492 0.8783 0.9059 0.9281 0.9475 
3250 0.7861 0.8255 0.8589 0.8864 0.9123 0.9345 0.9535 
3500 0.8049 0.8405 0.8705 0.8971 0.9212 0.9427 0.9620 
3750 0.8263 0.8578 0.8848 0.9100 0.9327 0.9530 0.9718 
4000 0.8503 0.8765 0.9005 0.9244 0.9461 0.9645 0.9827 
4250 0.8754 0.8975 0.9184 0.9400 0.9597 0.9772 0.9942 
4500 0.9013 0.9200 0.9375 0.9564 0.9739 0.9905 1.0055 
4750 0.9275 0.9430 0.9573 0.9733 0.9805 1.0040 1.0183 
5000 0.9545 0.9664 0.9774 0.9903 1.0055 I.0175 1.0310 


extrapolation of the pressure-volume prod- 
uct to zero pressure, making use of the 
following expression:* 

M, = RT/(PV)o [r] 
The value thus ascertained was found to 
deviate somewhat from that computed 
from the analysis. This discrepancy may be 
attributed in part to uncertainties in the 
volumetric study but probably results 
primarily from uncertainties in sampling 


* A table of nomenclature is given at the end of the 
paper. 


Results of the experimental work upon 
the trap-gas sample are depicted in Fig. 1. 
The points shown are the directly measured 
experimental values and their average 
deviation from the smooth curve was ap- 
proximately o.1 per cent. Values of the 
compressibility factor interpolated to even 
values of pressures are recorded in Table 
4. It is believed that these results represent 
the behavior of the gas investigated with an 
uncertainty of not more than 0.3 per cent. 
However, uncertainty as to the average 
molecular weight may introduce dis- 
crepancies of as much as 2 per cent in 
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estimating the volumetric behavior from 
generalizations making direct use of the 
composition of the gas. 

The trap-liquid sample was investigated 
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were chosen at even values of weight frac- 
tion of the trap-gas sample to cover the 
composition range of the investigation with 
a density comparable to that of the original 
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0.021 
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PRESSURE 


1000 
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Fic. 2,—SPECIFIC VOLUME OF TRAP-LIQUID SAMPLE NEAR BUBBLE POINT. 


at 100°, 160° and 250°F. and a typical set 
of results obtained from one of three 
samples investigated for states in the 
vicinity of bubble point is shown in Fig. 2. 
The different samples agreed with one 
another within 0.3 per cent in specific vol- 
ume but the value of bubble-point pressure 
showed a maximum variation of approxi- 
mately 2 per cent from sample to sample. 
The specific volumes and bubble-point 
pressures for the trap-liquid sample are 
recorded in Table 5. The experimental 
measurements upon three different samples 
showed an average deviation of 0.2 per 
cent from the values recorded. This mate- 
rial showed an increase in bubble-point 
pressure with an increase in temperature 
but this effect became less pronounced at 
the higher temperatures. 

The compositions of the mixtures of trap 
samples are recorded in Table 6. Mixtures 


experimental data. A typical set of experi- 
mental results for a mixture of the trap 


TABLE 5.—Specific Volumes for Trap-liquid 


Sample 
Pressure, Lb. per At At At At 
Sq. In. Abs. r00°F, | 160°F. | r90°F. | 250°F. 
: (484)* | (600) | (654) | (758) 

Bubble point... ./0.02088° |o.02158/0.02201/0.02291 

BOs as sdiceuers 0.05610 
BOSE ease oa /ehs 0.03720/0.04273/0.05378 
BOO deletes: hare 0.02863/0.03220/0.03935 
AS Ornate ent sts 0.02182 |0.02609|0.02904/0.03495 
SOOn asta ei ttevsrar 0.02087 |0.02420|0.02670/0.03169 
GOOfmonp tut. 0.02085 |0.02164|0.02349|/0.02720 
TO Ons asta aa ct 0.02083 |0.02157/0.02247/0.02423 
BOOM LE Ae renterers 0.02081 |0.02155/0.02198/0.022900 
TOOONra esteveicianee 0.02078 |0.02151/0.02192/0.02284 
Mf D5 Oversees 0.02073 |0.02146/0.02187/0.02276 
I500........--|0.02069 |0.02142/0.02182/0.02269 
75 Ommctciyeaets 0.02064 |0.02137/0.02177/0.02262 
2OOO marti cance? 0.02059 |0.02132/0.02172|/0.02254 
Z2ZSO stilt cee eran 0.02055 |0.02128/0.02167/0.02247 
2500 0.02050 |0.02123/0.02161/0.02239 
.02045 |0.02118/0.02156|0.02232 
-02040 |0.02113/0.02151|/0.02224 
.02035 |0.02108/0,02145|0.02216 


@ Bubble-point pressure, lb. per sq. inch. 
b Specific volume, cu. ft. per pound. 
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samples is presented in Fig. 3. The agree- seven other mixtures were interpolated to 
ment of the experimental points with the even values of the weight fraction of the 
smoothed values was satisfactory, although _trap-gas sample and of pressure. The results 
some difficulty was experienced in connec- of this interpolation are recorded in Table 
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Fic. 3.—SPECIFIC VOLUME NEAR BUBBLE POINT OF MIXTURE CONTAINING 0.1608 WEIGHT FRACTION 
OF TRAP-GAS SAMPLE. 


TABLE 6.—Compositions of Mixtures of Trap Samples 


Weight Fraction Trap-gas Sample 
Component 

0.02 0.04 0.06 0.08 0.10 0.12 0.16 0.18 
Mothaney sora etie on thc he tecelt aie 0.028007 |0.04300|0,05700\0.07101/0.08501|0.09902/0.1270 |O. 1410 | 
ELROD, ens Mba Oe a emis batts 0.01659 |0.01870/0.02081/0. 02292/0.02503/0.02714/0.03136/0.03347 
PYODANG Ate hys nie oa keke Click he coras 0.03522 |0.03648/0.03776/0.03902|0.04029/0.04156/0.04409/0.04536 
Teobutanes ta iocnieern gn oto. semi es kes 0.01162 |0.01174/0. OL185|/0. OL196|0. O1215/0. O12T9|0.01242/0.01253 
PeBUGANG fg ee ihe ce BE OR ede eck 0.04815 |0.04770/0.04725|/0.04681|0.04636/0.04592/0.04501|0.04457 
dsopentaneriah snap cine ve Dose erisiaie 0.01315 |0.01297|0.01279 0.01260/0.01241/0.01223|0.01186/0.01168 
MEPENTANG LL aae.s sia Meo Wad lae ee 0.01627 |0.01604/0.01581/0. 01558/0.01536|0.01514|/0.01469|0.01446 
TIO ANH: At RP ertehdel hon & aA aioe o Seon 0.8134 |0.7967 |0.7801 |0.7635 |0.7468 |0.7136 |0.6969. 
ASOD thie POs PALIN EN CE RO IN eT OG 0.1700 |0.1866 |0. 2033 |0.2199 |0.2366 |o.2532 |0.2864 |o.3031 
Gastolligatioty.avsacciste dies bam Cds Biacas 612.80 757-73 |908.4 |1065.6 |1229.8 |1401.0 |1767.3 |1964.0 


« Compositions are expressed as weight fraction. 

+6 Hydrocarbons from methane to n-pentane, inclusive. 
* Based upon pentane-free oil and expressed as cubic feet per barrel nieasured at 60°F. and 14.73 lb. per sq. inch. 
tion with this mixture in the separation of 7. It is believed that this graphic process 
an essentially plastic phase at the higher was carried out with such precision that no 
pressures and temperatures. The results added uncertainties greater than 0.15 per 


shown in Fig. 3 and those obtained for cent were introduced. It is believed that 


ig ee le 


« Weight fraction trap-gas sample. 
6 Figures in parenthesis are extrapolated. 
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TABLE 7.—Specific Volumes of Mixtures of Trap Samples 
Se) Weight Fraction Trap-gas Sample 
Temperature,| 1, per Sq. In. 
deg. F. INS 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.16 0.18 
; (480)¢ | (895) | (1315) | (1715) | (208 2427) | (2750 5 
100 Bubble point |0.02088>|0.02124/0.02163/0.02205 ieee y ans n aie a Eg ene 
600 0.02085 |0.02710]/0.03581/0.04453/0.05326/0.06180|0.07013 
700 0.02083 |0.02420/0.03150/0.03875|0.04607|0.05330/0.06048/0.0753 0.083 
800 0.02081 |0.02250/0.02873/0.03492/0.04108]0.04715|0.05310|0.0656 |0.072 
1000 0.02078 |0.02121/0.02477/0.02940/0.03403|0.03865/0.04328/0.0529 |0.058 
1250 9.02073 |0.02115/0.02209/0.02558|0.02910]0.03248/0.03588/0.0428 |0.04622 
1500 0.02069 |0,02109/0.02156/0.02323/0.02597|0.02873/0.03152/0.03703/0.03075 
2000 0.02059 |0.02101|0.02146/0.02196/0.02292|0.02475/0.02655|0.03012/0.03102 
2500 0.02050 {0.02001/0.02135/0.02187|0.02243]0.02304/0.02428/0.02684]0.02812 
3000 0.02040 |0.02082/0.02126]0.02175|0.02231/0.02289/0. 02353/0.02515|0.0260 
3500 0.02031 |0.02071/0. 02116/0. 02166/0.02221/0.02277|0.02338/0.02492 
4000 0.02023 |0.02062/0.02107/0.02156/0.02209|0.02264/0.02323/0.02473 
f (600) | (1095) | (t580) | (2045) | (2500) | (2902) | (3300) | (4055) | (4405) 
190 Bubble point |0.02201 |0.02248]0.02297|0.02347/0.02398]0.02451|0.02508/0.02631|0.02701 
600 0.0335 |0.0451 |0.0567 {0.0684 |0.0801 |0.0917 
700 0.02247 |0.0299 |0.0396 |0.0490 |0.0589 |0.0687 |0.0784 |0.0978 
800 0.02198 |0.0270 |0.0350 |0.0431 |0.0514 |0.0594 |0.0675 |0.0837 
1000 0.02192 |0.0236 |0.0300 |0.03633/0.04271/0.0491 |0.0556 |0.0684 |0.0748 
I250 0.02187 |0.02243]/0.02609/0.03070/0.03545/0.04042/0.0453 |0.0550 |0.0599 
1500 0.02182 |0.02232/0.02355|0.02722|0.03093]0.03405/0.03836/0.0462 |o.0498 
2000 0 02170 |0.02217|0.02278/0.02372/0.02635/0.02898/0.03160|0.03685/0.03048 
2500 0,02160 |0.02207/0.02262/0.02326/0.02398/0.02592/0.02785|0.03169/0.03365 
3000 0.02151 |0.02196|0.02249|0.02307|0.02372|0.02445|0.02588/0.02905/0. 03071 
3500 9 02144 |0.02185]0.02235/0.02292/0.02355/0.02422/0.02407|0.02736/0.02865 
4000 0.02138 |0.02177/0.02224/0.02278/0.02338/0.02402|0.02471/0.02639/0.02745 
4500 0.02132 |0.02169/0.02214/0.02265|0.02322/0.02383|0.02449]0.02594/0.02692 
‘ (758) | (1238) | (1732) | (2225) | (2699) | (3123) | (3520) | (4231) | (4555) 
250 Bubble point |0.02291 |0.02340/0.02392/0.02447/0.02504/0.02562/0.02622/0.02742/0.02803 
600 0.02720 ]0.0396 |0.0521 |0.0645 
700 0.02423 10.0347 ]0.0452 |0.0556 
800 0.02290 |0.031I |0.0402 |0.0493 
I000 0.02284 |0.0267 |0.03390/0.04109/0.0483 
1250 0.02276 |0.02341/0.02885|0.03440/0.04000]0.0454 
3500 0.02269 |0.02330/0.02573]0.03016]0.03460]0.03904/0.0435 
2000 0.02254 |0.02315/0.02382/0.02573/0.02895/0.03215/0.03534/0.04165 
2500 0.02239 |0.02205/0.02359|0.02431|0.02586|0.02829/0.03072|0.03558|0.03800 
3000 0.02224 |0.02280/0.02340|0.02408]0.02486]0.02603/0.02794|0.03174|0.03363 
3500 0.02210 |0.02262|0.02320/0.02387|0.02461|0.02539/0.02628/0.02955/0.03118 
4000 0.02247|0.02304]0.02369|0.02439|0.02515|0.02503/0.02805|0.02960 
4500 0. 02234/0.02288/0.02350|0.02416/0.02487|0.02561|0.02722/0.0282 
« Bubble-point pressure, lb. per sq. inch. 
b Specific volume, cu. ft. per pound. 
TABLE 8.—Specific Volumes and Compositions for Bubble-point Liquid 
100°F, 190°F, 250°F, 
Pressure, < 
Lb. per Sq. In. Specific Specific , Specific 
Abs. Volume, Weight Volume, Weight Volume, Weight 
Cu. Ft. per |Fraction X 10%] Cu. Ft. per | Fraction X ro? | Cu. Ft. per |Fraction X 10? 
Lb. Lb. Lb. 
500 0.02089 0.094 
600 0.02007 0.60 0.02201 0.00 
700 0.02106 1.07 0.02205 0.40 
800 0.02114 1.55 0.02215 0.80 0.02295 0.19 
I000 0.02132 2.50 0.02235 1.62 0.02315 I.02 
1250 0.02156 3.66 0.02261 2.64 0.02341 2.04 
I500 0.02181 4.90 0.02287 3.66 0.023607 3.06 
2000 0.02242 opis) 0.02341 5.80 0.02421 5 06 
2500 0.02321 10.45 0.02399 8.00 0.02480 ee aly 
3000 0.02417 13.62 0.02466 10.45 0.02544 9.40 
3500 0.02540 17.00 0.02538 13.03 0.02619 II.90 
4000 (0.0270) (20.5) 0.02621 I5 70 0.02700 14.65 
4500 (24.1) 0.02720 18.55 0.02792 17.64 
Snr nnn eT 
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the specific volumes for mixtures with 
weight fractions of the trap-gas sample 


Above this value the appearance of a plastic 
phase rendered the strict attainment of 


below o.o8 do not involve uncertainties equilibrium difficult, thereby increasing the 
greater than 1 per cent, while mixtures uncertainty somewhat. 
TABLE 9.—Formation Volumes of Mixtures of Trap Samples 
Tp Gas-oil Ratio¢ 
oe 7 Pressure, Lb. per 
Deg EF. Sq. In. Abs. 
: 473.96 | 612.80] 757.73) 908.5 | 1065.7| 1229.8| 1401.0] 1767.4| 1964.1 
; (480) | (895) | (1315) | (1715) | (2085) | (2427) | (2750) | (3355) | (3645) 
100 Bubble point I1.304°] 1.353 | 1.406 | 1.463 | 1.528 | 1.598 | 1.676 | 1.855 | 1.96 
600 1.302 | 1.726 | 2.328 | 2.955 | 3.611 | 4.286 | 4.967 
700 I.301 1.547 | 2.048 | 2.571 | 3.123 | 3.691 | 4.283 | 5.582 | 6.297 
800 1.300 | 1.433 | 1.868 | 2.317 | 2.785 | 3.265 | 3.761 | 4.863 | 5.463 
1000 1.298 | 1.350 | 1.614 | 1.951 | 2.307 | 2.677 | 3.065 | “3.920 | 4.401 
1250 1205 | 'T.347 | 1-436") 1.607 | 2-073) | 2-240"! 2.545 1) 3 2iseieaeood 
1500 I.292 | 1.343 | 1.402 | 1.542 | 1.761 | 1.990 | 2.232 | 2.745 | 3.016 
2000 1.286 | 1.341 | °1.395-| 5-457) E.53t | 1.714 | %. 886 | 2-933 9.422 
2500 r.28r | ¥.333°) 2.388 | 1.45% | ¥.522 | 1.5960 | 2.720 | 2.9900) 2, i384 
3000 1.274 | 1.326 | 1.382 | 1.443 | 1.513 | 1.585 | 1.666 | 1.864 | 1.973 
3500 1.269 | 1.319 | 1.376 | 1.437 | 1.505 | 1.576 | 1.656 | 1.847 
4000 r.262 | ©.313 | &.370 | I-43I | 2-498 | 1.568 | 1-645 | 1.833 
; (600) | (1095) | (1580) | (2045) | (2500) | (2901) | (3300) | (4055) | (4405) 
190 Bubble point 1.375 | 1.429 | 1.494 | 1.557 | 1.626 | 1.607 | 1.776 | 1.950 | 2.049 
600 £467" | 2x3 2.93 3.76 4.64 5.55 6.49 
700 1.404 | 1.90 2.57 3-27 3-99 4.76 5-55 7-25 
800 Tearai eer a 2.28 2.86 3.47 4.11 4.78 6.18 
1000 1.369 | 1.503 | 1.95 2.411 | 2.8906 | 3.40 3.94 5.07 5.68 
1250 1.366 | 1.429 |] 1.70 2.037 | 2.403 | 2.799 | 3.21 4.08 4.55 
I500 1.363 | 1.424 | 1.531 | 1.806 | 2.0907 | 2.400 | 2.717 | 3.42 3.78 
2000 7.0356) 2.412 | 2.481 |r. 574.1 %.786. | 2.007 |) #3238 | 2.732 1a-908 
2500 1.349 | 1.404 | I.471 | 3.543 | 1.626 | 1.795 | 1.972 | 2.349 | 2.553 
3000 1.344 | 1.397 | 1.462 | 2.5331 £612 Po T6gqs' | £5833 |] 2.1560 )0a.925 
3500 1.339 | 12390 | 1.453 |] 1.521 | 1.507 | 1.678 | 1.768 | 2.028 | 2.174 
4000 Rvgs0' |" T5387. | T4460 |r. 502 "2, S85") Tr. 6603) 12.750: | 2. 50.1 a Ose 
4500 £332 | 1.382 |* T4400 °F (503° | 2574 | 2.680 |) 20-7940] 2 0ag Ne aroas 
, (758) | (1238) | (1732) | (2225) | (2699) | (3123) | (3520) | (4231) | (4555) 
250 Bubble point 1.431 | 1.490 | ©.555 | 3.624 | 1.698 | 1.775 | 1.857 | 2.033 | 2.127 
600 1.699 | 2.52 a a0 4.28 
700 I.514 | 2.21 2.94 3.69 
800 1.431 | 1.98 2.61 aa7 
1000 TeAgAwot.70 2.204 | 2.727 | 3.28 
1250 1.422 | 1.491 | 1.876 | 2.283 | 2.712 | 3.14 
1500 1.417 | 1.484 | 1.673 | 2.001 | 2.346 | 2.704 | 3.08 
2000 1.408 | 1.475 | 1.549 | 1.707 | 1.963 | 2.226 | 2.503 | 3.09 
2500 I.399 | 1.462 | 1.534 | 1.613 | 1.753 | 1.959 | 2.176 | 2.638 | 2.883 
3000 1.389 | 1.452 | 1.521 | 1.508 | 1.685 | 1.803 | 1.979 | 2.353 | 2.552 
3500 1.381% | 1.441 | 1.508 | 1.584 | 1.668 | 1.758 | 1.861 | 2.191 | 2.366 
4000 1.431 | 1.498 | 1.572 | 1.654 | 1.742 | 1.836 | 2.079 | 2.246 
4500 1.423 | 1.488 | 1.559 | 1.638 | 1.722 | 1.814 | 2.018 | 2.132 


@ Gas-oil ratio expressed as cubic feet per barrel of pentane-free oil, measured at 60°F. and 14.73 Ib. per 


sq. inch, ’ F 
b Bubble-point pressure, lb. per sq. inch. 


¢ Formation volume, volume per unit volume of pentane-free oil, measured at 60°F. and 14.73 lb. per sq. inch. 


containing greater amounts of gas may 
involve somewhat larger uncertainties. The 
behavior of bubble-point liquid for a sys- 
tem made up of mixtures of varying propor- 
tions of the trap-liquid and trap-gas 
samples is recorded in Table 8. It is be- 
lieved that the uncertainty in the specific 
volume is not more than 0.5 per cent and 
the compositions are known within 1 per 
cent at pressures below 2000 lb. per sq. in. 


FORMATION VOLUME 


The formation volume of a hydrocarbon 
mixture may be defined as the volume 
occupied by the hydrocarbons associated 
with a unit volume of liquid production 
as measured under surface standard condi- 
tions.* This definition results in a variation 


* Surface standard conditions are taken at 60°F. 
and 14.73 lb. per sq. in. absolute. 
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in the formation volume of a particular prescribed conditions, of the hydrocarbons 
hydrocarbon mixture with the method of that are associated with a unit volume of 


production since the separation into ‘‘oil” pentane-free liquid as measured under 


TABLE 10.—Formation Volume and Gas-oil for Bubble-point Liquid 


Too°F. I90°F, 250°F, 
Pressure 
Lb. per Sq. In. ; ; 
Abs. Gas-oil Formation Gas-oil Formation Gas-oil Formation 
Ratio Volume Ratio Volume Ratio Volume 

500 4784 I. 306% 

600 513 1.318 473 1.375 

700 545 1.330 499 1.382 

800 579 1.341 526 1.395 485 I.436 
1000 647 1.365 584 I.418 542 1.461 
1250 730 I.396 655 I.449 614 1.492 
1500 823 I.430 730 1.481 687 1.524 
2000 1025 £2522 801 I.550 835 I.591 
2500 1267 1.615 1064 1.626 995 1.666 
3000 I541 ify 1267 1.726 1178 IS751r 
3500 1864 1.904 1488 1.818 1390 1.852 
4000 1736 1.936 1635 1.969 
4500 2020 (2.076)¢ 1928 (2. 109) 


@ Gas-oil ratio expressed as cubic feet per barrel of pentane-free oil, measured at 60°F. and 14.73 lb. per 


sq. inch. 


’ Formation volume, volume per unit volume of pentane-free oil under standard conditions, 60°F. and 


14.73 lb. per sq. inch. : 
% ¢ Figures in parenthesis are extrapolated. 
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FORMATION VOLUME 


° 
Fic. 4.—EFFECT OF GAS-OIL RATIO UPON FORMATION VOLUME AT 190 F, 


and “‘gas” may vary. For this reason the surface standard conditions. Throughout 
formation volume has been defined for the remaining part of this discussion the 
present purposes as the volume, under the term “‘gas” is employed to describe all of 
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the n-pentane and the lighter hydrocarbons 
while the term “‘oil” refers to the heavier 
materials. This arbitrary classification of 
the hydrocarbons does not necessarily agree 
with the separations occurring in normal 


1750 


1500 


than n-pentane), both being measured at 
surface standard conditions. Values of the 
gas-oil ratio for each of the mixtures re- _ 
ported have been computed on this basis © 
and are recorded in a part of Table 6. 
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1000 


GAS-OIL RATIO CU.FT PER BBL. 
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500 


1000 2000 3000 4000 


PRESSURE LB. PER SQ. IN. 
Fic. 5.—EPrrECT OF GAS-OIL RATIO UPON BUBBLE-POINT PRESSURES. 


production practice, but the procedure has 
the advantage that the terms oil and gas 
are given definite quantitative significance. 

For many purposes it is convenient to 
employ the gas-oil ratio as an approximate 
measure of the composition of a naturally 
occurring hydrocarbon mixture. The exact 
value of this quantity as measured in the 
field for any particular total composition 
of hydrocarbons depends to some extent 
upon the conditions of separation that 
affect the amounts and compositions of 
gas and oil. For this reason the gas-oil 
ratio used here is defined as the number of 
cubic feet of gas (m-pentane and light 
hydrocarbons) as measured at surface 
standard conditions that is associated with 
one barrel of oil (the hydrocarbons heavier 


The formation volume as defined above 
for a mixture of hydrocarbons is related 
to the specific volume by means of the 
following expression 

v= V/Visn = V/o.o1891m, Be 
Equation 2 is applicable to both the one- 
phase and two-phase regions and permits: 
the calculation of the formation volume 
for any state where the specific volume and 
composition are known. The formation 
volumes for the mixtures recorded in Table 
7 have been calculated in accordance with 
equation 2 and are tabulated in Table 9. 
The uncertainty in these values is com- 
parable to that of the specific volume upon 
which they were based. 

The influence of gas-oil ratio upon forma- 
tion volume under isobaric conditions at 
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190°F. is shown in Fig. 4. The behavior in 
the condensed liquid region has not been 
indicated because of the small variations 
encountered. The nearly linear relationship 
between gas-oil ratio and formation volume 
depicted in the figure apparently is typical 
of most naturally occurring hydrocarbon 
mixtures, even at rather elevated pressures. 
The effect of gas-oil ratio upon bubble-point 
pressure is presented in Fig. 5. In general, 
the experimental values indicate a satisfac- 
tory precision of measurement; however, at 
pressures of more than 4ooo lb. per sq. in. 
the disagreement of one or two experi- 
mental points from the smooth curve was 
large. It is believed that this discrepancy 
was due to difficulty in attaining phase 
equilibrium when a relatively large quan- 
tity of coalesced bitumen was present. The 
dotted curves in the lower left-hand portion 
of the figure indicate in a general way the 
relationship of bubble-point pressure and 
gas-oil ratio when gaseous material is 
removed from the trap-liquid sample. It 
should be emphasized that the composition 
of the gas in the mixture changes with 
gas-oil ratio. In general, the gas becomes 
progressively richer in methane as the gas- 
oil ratio is increased. 

The gas-oil ratio and formation volume 
of bubble-point liquid has been recorded 
as a function of pressure for 100°, 190° and 
250°F. in Table 10. These data involve 
approximately the same uncertainties as 
were reported for Table 8. The lower limit 
of the pressures recorded in this table was 
determined by the bubble-point pressure of 
the trap-liquid sample at each temperature. 


COMPARISON OF OBSERVED AND 
CALCULATED VALUES 


It is advantageous to be able to predict 
the volumetric behavior of naturally occur- 
ring hydrocarbon mixtures in terms of the 
prevailing pressure, temperature and com- 
position of the material. Although the 
analyses reported are not complete, they 
are sufficient to permit the estimation of 
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the behavior of the trap samples and their 
mixtures from the generalized relationships 
available at present. 

Several methods have been proposed for 
estimating the volumetric behavior of 
natural gases.°%1911 The application of 
these methods to the prediction of the 
volumetric behavior of the trap-gas sample 
yielded results in agreement with the data 
presented in Table 4 within 2 per cent at 
pressures below 3000 lb. per sq. in. The 
correlation presented by Smith!° gave the 
best agreement with the experimental 
values at the higher pressures. Comparisons 
of this nature have indicated that the 
volumetric behavior of natural gases may 
be predicted with reasonable accuracy as 
long as the states under consideration are 
appreciably removed from the heterogene- 
ous region. 

Some information is available concerning 
the partial volumetric behavior of the 
lighter hydrocarbons in the liquid phase. 
A comparison of experimentally deter- 
mined values for the specific volumes of the 
liquid phase of the trap-liquid sample and 
of mixtures of the two trap samples with 
values predicted from composition and 
partial volumes indicated an agreement 
of approximately 2.5 per cent with a few 
isolated values disagreeing by as much as 
3.1 per cent. The bubble-point pressures 
of the trap-liquid sample and of mixtures 
of the trap samples may be estimated from 
equilibrium constants”* for the more im- 
portant components. A comparison of the 
predicted bubble-point pressures and those 
determined experimentally yielded agree- 
ments varying between 3 and 1 per cent. 
Fortuitously, the best agreement was ob- 
tained at the highest weight fraction of the 
trap-gas sample. 

Although it is possible to predict the 
formation volume of a heterogeneous mix- 
ture by the method discussed above, it is 
often advantageous to employ a more 
empirical approach in connection with 
hydrocarbon mixtures for which some 
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experimental information is available. If 
it is assumed that the isobaric, isothermal 
relationship between the specific volume 
and the weight fraction of gas is linear 
throughout the two-phase region, and if the 
discontinuity in the first derivative of this 
relationship at dew point is neglected, it is 
possible to estimate the formation volume 
in the two-phase region from experimental 
information concerning the behavior of 
bubble-point liquid and the _ trap-gas 
sample. 

On the basis of the foregoing assumptions 
a relationship between the pertinent vari- 
ables may be established. The volume of 
the hydrocarbon mixture associated with a 
unit volume of oil as measured under 
standard conditions may be considered as 
made up of the volume of the liquid phase 
associated with this unit volume of oil 
(i.e., the formation volume of bubble-point 
liquid) and that of the remaining gas phase. 
The volume at the temperature and pres- 
sure in question corresponding to a cubic 
foot of gas measured under standard condi- 
tions is given by the ratio PsTZ/PTsTs. 
However, all of the gas associated with the 
production is not in the gas phase at the 
state under consideration and on the basis 
of the above mentioned assumptions the 
quantity can be established from the dif- 
ference between the surface gas-oil ratio 
and the gas-oil ratio of bubble-point liquid 
under the conditions in question. Therefore, 
the relationship between the formation 
volume of a heterogeneous mixture and 
the behavior of the bubble-point liquid 
and of the trap-gas sample becomes: 


PsTZ 
= % + 0.1781 


PTZ (r — ro) = % 


the 
+ 0.005062 aa =) 3] 


It should be realized that equation 3 is 
approximate, since it involves a number of 
assumptions concerning the volumetric and 
phase behavior of the system. However, it 
is sufficiently descriptive of actual behavior 
to make it of engineering value, especially 


at low pressures. A comparison of the 
observed formation volumes and those 
calculated from this relation indicates a 
maximum disagreement of about 3.0 per 
cent and an average deviation of 1.8 per 
cent. It is believed that equation 3 may be 
employed with nearly equal accuracy to 
gas-oil ratios higher than those covered in 
this experimental investigation. 
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NOMENCLATURE 


b, specific gas constant (per pound). 

Mg, average molecular weight. 

n, weight fraction. 

P, pressure, lb. per sq. in. absolute. 

r, gas-oil ratio, cu. ft. per barrel. 

R, universal gas constant (per mol). 

T, temperature, deg. R. (deg. F. abs.). 

V, specific volume, cu. ft. per pound. 

v, formation volume. 

Z, compressibility factor (Z = PVM a/RT) 
=PV/bT). 

Subscript o signifies infinite attenuation. 

Subscript S signifies surface standard con- 
ditions, 60.0°F. (519.7°R.) and 14.73 lb. per 
sq. in. absolute. 

Subscript 6 signifies bubble-point condition. 

Subscript / signifies pentane-free liquid or 
sao) tM 
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DISCUSSION 


DISCUSSION 


E. O. BENNETT,* Ponca City, Okla.—The 
curves of Fig. x showing the compressibility 
for trap-gas samples are interesting and give 
valuable information for the computation of 
reserves in the formation, and also for calculat- 
ing the formation pressure from known well- 
head shut-in pressures. These curves are similar 
to a set obtained from a high-pressure well in 
the Lake Arthur field near Jennings, La. 

It is interesting to know that deviations cal- 
culated by Dr. George G. Brown’s pseudo- 
critical temperature and pressure method for 
methane check closely the actual values found 
in field tests. It appears that the pseudo- 
critical curves may be used for most practical 
applications. 


B. H. Sack anp H. H. Reamer (authors’ 
reply) —It has been our experience that the 
pseudocritical concept as applied to natural 


* Continental Oil Co. 
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gases usually yields results of satisfactory engi- 
neering accuracy. However, rather large dis- 
crepancies amounting to as much as ro per cent 
are encountered in the neighborhood of dew 
point at elevated pressures. It is my under- 
standing that although the pseudocritical 
concept has been widely applied by Dr. Brown, 
it was first proposed by W. B. Kay?? in con- 
nection with his experimental studies of the 
volumetric behavior of hydrocarbon fluids. 


D. G. Kineman,* Taft, Calif—From the 
occurrence of ‘‘bitumen”’ in your test appa- 
ratus, would you hazard an opinion as to where 
the material might accumulate in the well bore? 


B. H, Sacer (author’s reply).—At this time 
T have insufficient factual information to permit 
any conclusions to be drawn as to the point of 
accumulation of the semiplastic material in 
production equipment. 


12 W. B. Kay: Ind. and Eng. Chem. (1936) 28, 1014. 
* General Petroleum Corporation of California. 


Equilibrium Constants for Hydrocarbons in Absorption Oil 


By C. E. WEBBER* 
(Tulsa Meeting. 


THE economical recovery of the valuable 
constituents from the effluent of gas-con- 
densate wells has developed into a problem 
of balancing the cost of recovery against the 
cost of compressing the residual gas back 
into the formation. A possible method of 
extracting the gasoline and distillate from 
the natural gas is by oil absorption at high 
pressures. In order to design and evaluate 
an absorption plant, fundamental data on 
the composition of the coexisting hydro- 
carbon vapor and liquid phases at various 
temperatures and pressures are essential. 

A review of the literature indicated that 
the necessary data for the design of such 
plants are lacking. The nearest approach 
to desired published data is that of Katz 
and Hackmuth,? who experimentally deter- 
mined the composition of the coexisting 
vapor and liquid phases in a natural gas- 
crude oil system at pressures up to 3000 lb. 
per sq. in. and at temperatures from 40° to 
200°F, 

This paper presents the results of the 
experimental determination of the equilib- 
rium distribution of the hydrocarbons 
methane through hexane between natural 
gas and a typical absorber oil. The ranges 
of temperature and pressure chosen were 
from 33° to 180°F. and from 100 to 5000 lb. 
per sq. inch. 


MATERIALS 


The absorber oil was a typical naturally 
occurring, straw-colored distillate that had 


Manuscript received at the office of the Institute 
Aug. 12, 1940, Issued as T.P, 1252 in PETROLEUM 
TECHNOLOGY, November 1940. 

* Humble Oil and Refining Co., Houston, Texas. 

2 References are at the end of the paper. 
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previously been steam-distilled to an initial 
boiling point of 300°F. The physical and 
chemical properties, including the results 
of an Engler distillation, are presented in 
Table 1. A large volume of this oil was 
obtained and it was used throughout the 
complete set of experiments. 


TABLE 1.—Properties of the Absorption Oil 


Gravity eo So onic tat een wl eee lewae Wire re eas) as 
Molecular weight by benzene freezing- 
point depression. ....%......00..0- 183 

Viscosity, poises: at 1r00°F........... 0.0280 

KE QOOCR IN. ie tina acne seis ee 0.0102 

ComposiITiIon,* PER CENT 

Aromatics........ 24.0 || Naphthenes..... 36.7 
Unsaturates...... 0.3 | Paraffins........ 39.0 


Per Cent Deg. F. | Per Cent | Deg. F. 

Initial boiling point... 300: 160. cin. 523 

Pa ewe pen OAc, tas 409 UFO ss sens 538 
TO), Seyi nchere elateleinuate: 9 Q20 880 80 ye 557 
BO pac atsa Sen lene ae 462 AOO.wctheeen 570 
ne, PN Me Pa Me ABG HOG css can 623 
AO Salers Wale seo Ales A907, HOT. Tso 650 
SG lenis ites cts, Soma me 511 


Residue, 2.0 per cent; loss, 0.3 per cent. 
9 See reference 1. 


The n-hexane was obtained from the 
Ohio Chemical and Manufacturing Co., 


Cleveland, Ohio. This liquid had a boiling ~ 


range of from 149° to 152.6°F., with a 
density of 0.667 at 60°F. and a molecular 
weight of 85 by benzene freezing-point 
depression. The propane, isobutane, ”-bu- 
tane, isopentane and m-pentane were ob- 
tained from the Philgas Department of the 
Phillips Petroleum Co. Certified analyses 
of these compounds showed their purity to 
be in excess of 99.5 per cent and they were 
not further purified. 


. eaten handel iad tween wee wee nee ee 
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The methane and ethane were obtained 
from natural gas that was passed at 
2000-lb. pressure through activated char- 
coal and calcium chloride to remove all 
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complete drainage. The cell and rocker 
frame were placed in a large constant-tem- 
perature bath constructed of 12-gauge sheet 
iron, insulated with 2-in. magnesia blocks 


~ 
PODBIELNIAK 
COLUMN 


Fic. 1— APPARATUS FOR DETERMINATION OF VAPORIZATION EQUILIBRIUM CONSTANTS. 


moisture and heavier hydrocarbons. The 
average of several analyses of this stripped 
gas was methane, 95 per cent; ethane, 3 per 
cent; and propane, 2 per cent. 


APPARATUS 


Equilibrium between the gas and liquid 
phases was reached in a cell of approxi- 
mately 1ooo ml. capacity, constructed 
from 4-in. double extra heavy seamless 
steel pipe. The ends of this cell were solid 
pieces screwed into the pipe and welded. A 
1¢-in. nipple extended from each end of the 


_ cell. It was tested to 8000 lb. per sq. in. 


a 


before being used. The complete apparatus 
is shown in Fig. 1. 

On the sides of the cell were welded two 
arms, which extended out to slide through a 
frame mounting, permitting the cell to be 
rotated lengthwise for agitating the hydro- 
carbon mixture. The inside was reamed 
smooth and the ends were tapered to ensure 


and mounted on rollers. The bath was 
equipped with a motor-driven stirrer, a 
thermoregulator and an electric heater. The 
33°F. temperatures were maintained by 
merely filling the bath with crushed ice and 
water. The bath was kept at constant tem- 
perature (+0.5°F.) at all times during the 
experiments. 

Two i-in. stainless-steel needle valves 
mounted on the bath were connected to 
the ends of the equilibrium cell with short 
lengths of 1-in. outside diameter, 1/¢-in. 
inside diameter stainless-steel tubing. One 
valve was used to regulate the rate of flow 
of either gas or liquid to the Podbielniak 
column, and the other was connected to a 
mercury pump. 

A piston-type mercury pump was used 
for reaching and maintaining pressures. On 
it was mounted a o to 6000-lb. Heise Bour- 
don-tube gauge, graduated in ro-lb. divi- 
sions. This gauge was previously calibrated 
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against a dead-weight tester. A o to 150-lb. 
gauge was substituted for the Heise gauge 
during the determinations at 114.7 lb. per 
sq. in. absolute. ‘ 
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PRESSURE - LBS. PER SQ. IN. ABS. 


Fic. 2.— EXPERIMENTAL RESULTS, 33°F. 


The samples were analyzed in an auto- 
matic Podbielniak fractionating column. A 
small topping column having a still of 200 
ml. capacity and a fractionating section 
approximately 12 in, high, containing a 
spiral of 15-gauge copper wire, was installed 
between the equilibrium cell and the Pod- 
bielniak column for analyzing liquids. A 
small water condenser was connected to the 
top of the fractionating section of the 
topping still, and a thermometer extended 
down into the top of this column. 

For analyzing gases at the higher pres- 
sures, a small trap for preventing the 
heavier components from entering and 
freezing in the side arm of the Podbielniak 
still was installed between the still and the 
equilibrium cell. 


EQUILIBRIUM CONSTANTS FOR HYDROCARBONS IN ABSORPTION OIL 


EXPERIMENTAL TECHNIQUE 


The equilibrium cell was evacuated, and 
the desired amount of absorption oil (a 
fresh sample for each determination) and 
liquid hydrocarbons—pentanes and hexane 
—were sucked into the cell. The butanes 
and lighter gases were then charged from 
their storage vessels to a predetermined 
pressure in the cell. The last gas to be 
charged in each case was the stripped 
natural gas from the 2000-lb. storage cylin- 
der. Prior to building up the final desired 
pressure by mercury injection, the bath 
temperature was adjusted to the proper 
level. 

During the first series of experiments (at 
100°F.) the stripped gas and a single other 
component only were charged into the cell 
with the oil. This procedure involved more 
analyses than time would allow, and, in the 
later experiments, several hydrocarbons 
were simultaneously charged into the cell 
with the oil. However, analytical accuracy 
was still retained by avoiding the simul- 
taneous addirion of any two adjacent 


hydrocarbons with close boiling points. 


The cell was rocked back and forth until 
no pressure drop occurred, indicating at- 
tainment of equilibrium between the 
coexisting phases. Rocking was then con- 
tinued for a period of 15 to 30 min., to 
further ensure complete equilibrium within 
the cell. 

The cell was then turned to a vertical 
position and the fluids allowed to drain, so 
that the materials were segregated into 
three layers: gas, oil and mercury. The gas 
was displaced from the cell to the Pod- 
bielniak column, constant pressure being 
maintained during the displacement by 
forcing mercury into the cell as the gas was 
withdrawn from the top. When sufficient 
gas had been charged to the column, the 
valve was shut, and by cooling the still of 
the column, a vacuum was applied on the 
small trap containing any condensed liquid. 
The application of heat to the trap expelled 
all of the hydrocarbons, except absorption 
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TABLE 2.—Phase Analyses at 33°F. 
res ee ee ee Ne ee 
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Pressure 114.7 Lb. per Sq. In. Abs. Pressure 514.7 Lb. per Sq. In. Abs. 
Hydrocarbon Composition, Composition, Composition, Composition, 
Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor| Liquid Vapor} Liquid Vapor| Liquid Vapor} Liquid 
Methane...... 83.70 | 3.11 |26.90 |83.72 | 2.72 |30.60 |94.86 |16.99 |5.57 103.25 |17.02 
2 : ‘ z ; F A 5 5 5-47 
Ethane....... 6.44 | 2.26% | 2.85 | 5.41 | 1.697 | 3.19 | r.50 | 2.00 |0.75 T5460 | 2.31 ees 
Propane Be LON NF 50: 0.674) 7.20 |10.28 0570) | 4bs70) 128.38 0.2741) 3220 116-44 lov20 
i-butane 3-50 |13.40 0.26 I.45 |15.88 |o.0914 
n-butane...... 2.94 |18.50 0.159 I.75 130.73 |0.057 
t-pentane..... 1.26 |18.74 0.067 0.30 |12.39 |0.0242 
m-pentane..... 0.73 |18.87 | 0.039 0.17 |11.45 |0.0146 
m-Nexane...... 0.10 |16.86 |0.0059] 0.0842] 8.60 
Caretta 54.93 47.94 27.50 13.45 
Sp. 0.8628 0.8628 0.8628 0.8628 
IMeLSwt 2) osc: 183 183 183 183 
Pressure 514.7 Lb. per Sq. In. Abs. Pressure 1014.7 Lb. per Sq. In. Abs. 
Hyd b Composition, Composition, Composition, Composition, 
ycrocarbon Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor | Liquid Vapor } Liquid Vapor| Liquid Vapor} Liquid 
METHANE iis sce Ses 94.95 |17.64 |5.37 |OI.91 |15.10 |6.08 Jo5.74 |/30.32 |3.16 |95.87 |32.81 |2.92 
GANG. geese I.II | 0.904 2 20ne2.2i% TS7 pS. 24) 10.422 Itenme \e2.45 10245 
IPFODANE zc, fc sew 2.68 {12.98 |0.206 | 4.20 |19.60 |0.214] 1.06 | 5.33 |o.I99 | 1.42 | 7.96 |0.179 
#-butane:....... I.52 |16.04 j0.080) 1:36 [15.73 10.086 
n-butane........ 0.9I {16.56 |0.055 I.32 |21.63 |0.061 
#-pentane....... 0.32 |10.22 |0.031 
n-pentane....... 0.25 |16.23 |0.0154 0.18 | 9.47 |0.019 
WrHOXANE:, 2 is..'23 0.10 |18.01 |0.0056 0.15 |13.16 |0.0114] 0.10 | 9.95 |0.010 
OES Mabie sat : 17.68 46.15 22.00 15.73 
SD. et... 0.8628 0.8628 0.8628 0.8628 
INIOUN Wit, tstiss ceric 183 183 183 183 
Pressure 2014.7 Lb. per Sq. In. Abs. 
Composition, Composition, Composition, Composition, 
Hydrocarbon Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor] Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane. ijifn)... 0.5 92.55 |40.43 |2.29 [92.26 |42.52 |2.17 |89.79 |49.83 |1.80 [90.40 |49.45 1.82 
BARAT cies ateyeissereso\ 3.395.775 [0.590 | 2).82°).5.05 (0.56 | 2.1 4.27 |0.506]'2.18 | 4.24 |0.513 
IPFOPane acne. 2.64 | 7.81 |0.338| 2.56 | 7.16 |0.358] 3.55 | 7.70 |0.460] 3.39 | 7.82 |0.434 
s-butane.......... 1.38 | 5.69 |0.242| 2.82 | 9.33 |0.302| 2.22 | 8.65 |0.257 
M=DUtANE 55s). ss TAZ |S S5ee (Onl 70: 
#-pentane......... 0.99 | 7.82 |0.127| 0.97 | 6.10 |o.159] 1.00 | 6.31 |0.161 
fe ee. 0.71 | 7.60 |0.093] 0.81 | 8.25 |o.098 
OMe jist Oe eee 37.64 31.76 I5.17 15.28 
SPs ZF. ceve> » ASI 0.8628 0.8628 0.8628 0.8628 
Mol wit eft ereseicatere 183 183 183 183 
all ll ee ee ee ee 
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TABLE 2.—(Continued) 


Pressure 2015.7 Lb. per Sq. In. Abs. Pressure 3014.7 Lb. per Sq. In. Abs. 
ition, Composition, Composition, Composition, 
Hydrocarbon Mal Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K 
Vapor} Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane........ 93.89 [41.98 |2.23 48.66 83.81 |56.94 |1.47 |89.00 |52.59 |1I.69 
Ethane ss ssh ees 3.39 nee 0.62 {80.46 3.59 2.61 2.962 2.82 | 4.07 |0.69 
Propane: ence an 1.64 | 5.76 |o0.28 5.67|12.56 |0.451| 6.37 9.91 |0.64 | 4.26 | 7.76 |0.55 
S-PULANE I cote ians 3.33 6.06 |0.55 
n-butane........ 3.63/12.72 |0.285 2.88 | 7.12) 40.408 
t-pentane....... 1.86 4.29 |0.434 
n-pentane....... 0.62 | 7.20 |0.086 1.24] 6.58 |0.173 
n-hexane........ 0.46 | 8.63 |0.053 15.89 73 5.12 |0.338| 1.04 | 4.64 |0.220 
Sle teak tracracete 30.08 0.29 |14.72 23.82 
SPeSrastomeien via he 0.8628 0.8628 0.7180| 0.8640 . 8640 
Mat we 3 eee 183 183| 128 186 186 
Pressure 3014.7 Lb. per Sq. In. Abs. ne ha bas per 
Hydrocarbon Composition, Composition, Composition, 
: Mol Per Cent Mol Per Cent Mol Per Cent 
K K K 
Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Met itayies | 7 Stic joke ase tiene SS 90.10 |50.2I 1.80 |92.70 {50.92 1.82 |86.03 |61.47 I.40 
RGD ERB Sci cette ee ance jea« 9, cee rinaartelo 2.98 4.33 0.69 3.01 3.80 0.79 3-75 3.862 
IPrOOANe sce. oda mol se Recetas 3.64 6.39 0.57 2.70 ‘S07 0.51 4.44 6.08 0.73 
S-DUGATIC uae) one.d cays 9 Ohis  calereratelens 1.56 3.61 0.432 2.29 3.5L 0.65 
Withee. s scam fost erLtihe siecle ‘ 
PP OUNUATIG ge seth ouys ig. Oe a ateneress 1.51 5.t2 0.206 1.81 3.31 0.55 
MoREDLANOs Sansa fdet is Ua sila Doh ate 1.36 6.63 0.205 
#-NSKANC Ae. a tid eile oie aa ae 
SY RE ates cath Ae te talons Ge Op Sah ale 0.21 |30.34 0.23 |33.38 1.68 |21.77 
Pei vowiaaelic pitta! eooity gsibus eases ts atte 0.8230] 0.8640 0.784 | 0.8640 0.8400] 0.8700 
MGh: Wissesacas seteelebe os vee <s 159 186 130 186 168 200 


¢ Inaccurate separation. 


oil, that might have collected. The volume, 
specific gravity and molecular weight were 
determined on this residual liquid after 
completion of the hydrocarbon analysis. 

To reduce the necessity of making so 
many determinations of molecular weight, 
a method of estimating them from the 
specific gravities was employed. Three 
400-ml. portions of absorption oil were 
topped—1o ml. from the first, 20 ml. from 
the second and 30 ml. from the third—and 
the specific gravity and molecular weight 
were determined on each overhead fraction. 
From a curve of molecular weight versus 
specific gravity, the molecular weight of the 
liquid in question was estimated. 


After completion of the gas analysis, any. 
excess gas remaining in the equilibrium 
cell was displaced at constant pressure and 
discarded. The oil was then charged into 
the topping still, the volume charged de- 
pending upon its composition. The topping 
still retained all of the oil and some of the 
dissolved gases. The liquid was heated and 
refluxed, driving the hexane and lighter 
fractions over into the Podbielniak still. It 
was found that a temperature of 220°F. was 
sufficient to ensure complete denuding of 
the absorption oil. 

Specific gravities and molecular weights 
were determined on the oil samples only 
when an appreciable portion of the oil had 
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TABLE 3.—Phase Analyses at 100°F. 
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Pp ; : e Pressure 514.7 Lb. 
ressure 114.7 Lb. per Sq. In. Abs. criSasda: Adee 
Hydrocarbon Composition, Composition, Composition, Composition, 
Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor} Liquid Vapor} Liquid Vapor} Liquid Vapor} Liquid 
Methane....... 71.87 | 2.5 128.6 174.98 | 2533 |32.1 -|72.50 87.78 |12.82 |6.8 
WIEBATNC. ..% o0:5 » HetS || 0.34% 6.90 | 0.724 6.17 base I.I4 | 0.592 z 
Propane... ..... 10.44 | 6.56 E59} 7.84. | 4. 7t 1.66 |10.96 7s0Cl 12. 500) 15 a5 let. 25 e0lOnAoy 
S-butane. 6c... 4.80 | 5.904 0.807 7.09 8.94 |0.79 
n-butane....... 6.97 |13.50 0.516 4.86 |29.48 0.165 
t-pentane....... 4.28 |18.6r 0.229 2.3% | £8.14 (0.207) 0282 111.66 10.07 
m-pentane...... 3.31 |19.25 OO. L72 
n-hexane....... 1.48 |22.57 0.065 0.907 | 15.88 |0.067| 0.15%|11.69 
OB Sc Ee EeED 43.47 59.49 54.51 22.51 
Spe Sie... Seis ss 0.8628 0.8628 0.8628 0.8628 
MVolemurt o's, «ccc. 0s 183 183 183 183] 
Pressure 1014.7 Lb. per Sq. In. Abs. 
Composition, Composition, Composition, Composition, 
Hydrocarbon Mol Per Cent Mol Per Cent Mol Per Cent MolPer Cent 
K K K : K 
Vapor] Liquid Vapor| Liquid Vapor| Liquid Vapor| Liquid 
MMethaties afc. Mob os 98.16 |20.63 |4.76|95.52 |25.98 |3.67 |o1.77 |22.08 |4.16]95.45 |23.24 |4.11 
EN ames ata cuiss et ew oe bey | taid \enOOlM LS | 2.10 00839 2.37 | 2.75) jo. 87) 102, | 2.67 slo. 72 
PROPANE. 60 6 deen eet 0.104] 0.48 0.15% 0.73 0.182| 0.16 0.09%] 0.25 
S=DAGAMIE |S lsspas 25) Hes"s 
m-Dutane..-.....0.4- 5-68 |37.97 |0.15 
SSPENtANE. . 2 cue ass 2.54 137.27 |0.068 
MP PENTANG 5% 6... 0s a4 2.52 144.33 |0.057 
MHAEKAME Le.) sivas es 
(OE eae hat Sata ate apace 77-15 26577 37.08 36.57 
PN SON 2s oe 58 ene ER eee 0.8628 0.8628 0.8628 0.8628 
MOI iwi. days oe ee <s 183 183 183 183 
ee EE EE ——————E——E—E————————————————————————— 
eo eS Ee ee —eEeEe————————E——————E———————————————— ee 
Pressure 1014.7 Lb. per Sq. In. Abs. nies ihe Ange 
Hydrocarbon Composition, Composition, Composition, Composition, 
Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor} Liquid Vapor| Liquid Vapor} Liquid Vapor) Liquid 
EL ALC eR reaere coals sve 2.09 |21.86 |4.21 195.75 |26.67 |3.59 |90.01 |22.27 |4.04 07.76 |34.09 |2.87 
Bene nucle a ee 2.92% BEL Ses e ONO n eh 2287) |), 2e0S0 0.7051) 1.85 2. 03nn 10108 
Propanlel wei + s,c 0 0.24% 0.40 0.23 | 0.39% 6.87 |16.88 |0.407] 0.362%] 1.26 
H=DULARO 0 vie ss cess 5.42 |29.04 |0.187 
m-butane..........- 
i-pentane.........- 1.33 |20.82 |0.064 
n-pentane,......- 068 
n-hexane.........-- 0.57 |25.64 |0.022| 0.75 29.91 0.026 rete 
(OMS cs psthen rere 45.78 24.15 28. O03) {Lew 
Skcassbyeteen canines 0.8628 0.8628 0.8628 0. 8633 
MOlenwibntetatette uk od 183 183 183 £83 
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TABLE 3.—(Continued) 


Pressure 2014.7 Lb. per Sq. In. Abs. 


Composition, Composition, Composition, Composition, 
Hydrocarbon Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
ares Ly as ae Se So Ye eee ie ei he). Se 
Vapor} Liquid Vapor} Liquid Vapor} Liquid Vapor) Liquid 
Methane canteen. cee 95.13 |41.73 |2-28 |92.15 |37.52 |2.46/93.82 |39.06 |2.40 |90.76 |36.82 |2.46 
1.034] 2.75 3-27 | 4.11 |0.80| 2.44%] 3.60 2.94%! 3.73 
0.082] 0.20 0.42 | 0.984 0.20%] 0.53 0.50 / 1.16 |0.43 


5.80 |19.93 |0.29 
4.16 |18.99 |0.22 


3.54 |26.14 |0.135 


m-pentanes i.e dices 3.76 |32.06 |0.117 

MNEXANE 2. Goss aie ees 

OU es oane ches 23.17 38.40 30.67 38.36 
Spiers, coc cesiestsse ates 0.8633 0.8633 0.8633 0.8633 
Moliiwtestsinyciynae 183 183 183 183 


gabe ia ma Pressure 3014.7 Lb. per Sq. In. Abs. 
Hydrocarbon Composition, Composition, Composition, Composition, 
Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor| Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane. Mises 94.00 | 45.26 |2.08 |97.12 |43.38 |2.24]/91.23 |53.82 |r.70\92.64 [45.85 |2.02 
EVADE STN tect 2.32 at8o 2.50 3-92 | 63| 2-29 3-05 |, 2.54 3.21%. 
IPLODANE staan nih oie 0.41 3 0.242 | 0.86 *©3) o.25¢ | 0.42 +75 0.29 0.202 
i-butane........ 
n-butane........ 4.35 (|t3.95. 10-380 
t-pentane....... Bata) 4.04 “Onnrs 
nm-pentane....... 6.13 {21.89 |0.28 
nm-hexane........ I.15 | 18.98 |0.064 
tL cetatedee tre teatues 18.02 0.14 |51.84 0.10 |20.82 0.18 |36.79 
eP Ca ne oe woe 0.8639 0.7800] 0.8639 0.7800) 0.8639 0.7800] 0.8639 
Oleh wtauatatieares 184 119 184 119 184 II9 184 
Pressure 3014.7 Lb. per Sq. In. Abs Pressure Emp tl Lb, 
‘ per Sq. In. Abs. © 
Hydrocarbon Composition, Composition, Composition, Composition, 
Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
IO ee |e 
Vapor | Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane........ 90.47 |49.13 |1.84/91.48 |46.66 |1.96 |o3.11r [60.32 |1:54 |o6.rr |s51.25 |1.8 
Bthanes x der, wee 3.279 | 4.78 2.35 | 3.00 |0.783| , 27 1.99 3-14 | 4.90 |0.64 
PYODARG se tars 0.699 "|" tats 0.12% | 0.50 3 0.73 0.45% | 1.21 
#-butane........ 5.87 ‘T4753 10,455 
n-butane........ 
f-pentane....... 5.33 |19.20 |0.28 2543. \t2<54 JO. ar 
m-pentane. ....:. 
n-hexane. ries 2.05 |10.62 |0.193 
Oi Acta «Wet 0.24 |25.76 OF TS 3Se7z 0.14 |14.80 0.30 |42.64 
Spares ety ont 0.7800] 0.8639 0.7800, 0.86390 0.7800} 0.8639 0.8058] 0.86 
IME GU aio aicn nese hint 119 184 119 184 119 184 150 roo 
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TABLE 3.—(Continued) 
ar a a ee ths a cee Se EI Gt od Oe 


Pressure 4014.7 Lb. per Sq. In. Abs. Pressure 5014.7 Lb. per Sq. In. Abs. 
Composition Compositi C iti iti 
Wd position, omposition, Composition, 
ydrocarbon Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor | Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane. ........ 87.72 |60.05 |1.46/88.39 |54.04 |1.64 |97.59 
. ; 5 . . 57.86 |1.69/86.62 163.39 [1.37 
thane... s.r. ai. Sjosiske || Siete 3-52 2.73 Z.60 | 2.52 |0.67| 3.08 | 4.73 |o.84 
Propane Re ea 0.76 0.984 0.27 0.502 0.184 | 0.48 0.56 0.894 
B-DwEANGE «. 005 sco 
n-butane......... 7.20 |I5.89 |0.453 
e-Pentane..... .. .s< 
m-pentane........ eS L7.LOe |0. 42 
m-hexane.......... ae i ee tl oo 
ROP rsroie anes vl wher vs 0c THO2) siP8502 0.62 |26.84 0.54 |39.14 1.80 |18.64 
SUE Ciie tee xi} 10,8417) Os S040 0.8287| 0.8649 0.7987| 0.8644 0.7987| 0.8700 
IMO Swit wen «seat 175 190 165 190 145 190 145 190 
(sees pe ee eee ee Ee ee re ae a ee ee A 
Pressure 5014.7 Lb. per Sq. In. Abs. 
Composition, Composition, 
Hydrocarbon Mol Per Cent Mol Per Cent 
K K 
Vapor Liquid Vapor Liquid 
IEEE VOR BC ake ey ach RICT PUER RCA CoOL ERENCE a 86.22 63.48 1.36 85.76 60.48 I.42 
SPALL IG MANES aie sicko ciahe ph oe wteghassvere.d +0 Wad wie + aie 253 3.242 2.712 3.19 
BACOMIAIIC FE liso cides als siclsva AF owls cs vie etme» dire lerehe .02 I.30 0.785 0.62 0.59% 
REMI ATIC Hote. Leta eteTaicks Aten bisce 1s ppatte yale auc es0Ne al. almcaiole 8.58 I3.20 0.65 
BETA DELS CAPM >, ease eae cu aeetOb ies levels sere She vice Mea are ye aces 7.65 12.31 0.621 
BPSCCO sen oh elev cpape rai er'eret'e eee [av cramsle ePace (avn at wua 6 beeps 
PERG HCL ING a atets aye, a) rotetielioatietssiiolehe kovletiohe  ercl-e © ie. thot sie evieite 
GE-TIGX ATIC Info. ahs) =) sieledsUalmyei'e 6/6 ofa\a\6ig) +. ein z2) tb .ciele) wlohe 
PIR Ee tateaidts (rere chs cysic sels eledecsip acess ewig RR OCe eC -98 19.67 : 2233 22.54 
PSM SEG aT e GINS oon! cal od caiGing) ed ahap arn alhaycaVVarcaiconal'we) whee! ellate 0.82907 0.8644 0.8385 0.8644 
AOI Wik INES ince Terenas a vcs, MO Sele ciate Rehieiaie ss, 167 I90 168 190 


2 Inaccurate separation. 


entered the vapor phase. In all other cases, 
the specific gravity and molecular weight 
of the original oil were used in calculating 
the liquid analyses to mol per cent. In all 
determinations of molecular weight, three 
freezing-point depressions of benzene were 
measured at different concentrations of 
_ solute, and these three values were extra- 
_polated to zero concentration of solute. 


EXPERIMENTAL RESULTS 


The hydrocarbon analyses of the coexist- 
ing gas and liquid phases are reported in 
Tables 2, 3 and 4. Sixty-one pairs of analy- 
ses are given in these tables, covering the 
complete range of temperature and pressure 


investigated. Together with the analyses 
are shown the vaporization equilibrium 
constants K%, defined as mol fraction of a 
component in the vapor phase divided by 
mol fraction of the component in the liquid 
phase at equilibrium. 

The errors that made it necessary to 
label many ethane determinations “Inac- 
curate”’ were due, mainly, to small volumes 
of ethane carried overhead in the Podbiel- 
niak column along with the methane. These 
volumes have a negligible effect upon the 
accuracy of the methane determinations, 
but cause appreciable errors in the ethane 
values because of the small amount of total 
ethane present. 
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TABLE 4.—Phase Analyses at 180°F. 


arr nnnnEEEREREE mEREEREERRRRREEREREamneaa 


Pressure 114.7 Lb. per Sq. In. Abs. Pressure 514.7 Lb. per Sq. In. Abs. 
Composition, Composition, Composition, Composition, 
Hydrocarbon Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor] Liquid Vapor| Liquid Vapor| Liquid Vapor} Liquid 
Methane. oi... c ass 53-35 | 0.842 49.87 | 1.12 |44.50/69.81 | 9.12 |7.65 |73.86 | 8.73 |8.45 
Bthanes wae sectarian 4.94 | 0.414 4.42 | 0.45 9.81} 2.32 | 0.664 3.73 | 0.99% 
PEOPANG As syste») ahskeicts 14.64 | 3.99 |3-67/22.88 | 6.38 3-59|15.78 |17.19 |0.918/14.46 |I5.51 |0.93 
€-DATATIO® .).3. Us eres 14.46 | 7.74 |1.86 7.19 |14.03 |0.512 
M=DUTANE wiso50; 0/0 ce) 5) 5)002 17.38 |12.35 1.41 6.01 |14.86 |0.404 
#pentane........-- B02 |LTELAY 0s. 72! 3.28 |12.93 |0.253 
n-pentane.......... 5.45 | 9.46 0.58 1.94 |10.1II |0.192 
MNEKANC 7 ote yiol eaieic © 4.59 |17.61 |0.26 1.62 |15.76 |0.102 
Oa ei da het ae ctaerats 58.27 70.24 30.31 49.80 
Saree eng ee ne 0.8628 0.8628 0.8628 0.8628 
MOIS Swit ci see@iast oe 183 183 183 183 
Pressure 1014.7 Lb. per Sq. In. Abs. Pressure 2014.7 Lb. per Sq. In. Abs. 
H Composition, Composition, Composition, Composition, 
ydtocexhos Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor | Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane.,....... 83.79 ]18.21 [4.60 |84 20 |17.38 |4.84 |88.43 |31.70 |2.79 |90.52 |33.81 |2.71 
thane. cie se. 3940) erage  [t.go fags} eats 12, 82 Paes 3.46.17. 12 ||) 2.37 4) 3.28. sao 
Propane. 12 ..050. 5.80 | 8.60 |0.675| 5.69 | 8.51 |0.669] 3.80 6.77 |0.562| 2.48 | 5.10 0.49 
PeDUbANS ay cnss tae 4.39 |11.58 |0.379 2.07 5-49 |0.377 
n-butane......... S70 (rg. 75) [OL gas Zt35"| 7. TP OKsas 
#-pentane........ 1.45 | 7-70 |0.188 ry67, 7.86 |0.213 
m-pentane...5.... 1.80 |10.88 |o.165 1.23 | 6.99 |0.176 
n-hexane......... 0.83 | 9.40 |0.088 1.05 | 9.30 |0.113 
OT ery tare oe 42.02 44.11 0.15 |44.72 34.75 
Oi Ors ree. «ian 0.8628 0.8628 0.7600] 0.8630 0.8628 
Mol wb isiistes cere. 183 183 100 184 183 
Pressure 3014.7 Lb. per Sq. In. Abs. Pressure 5014.7 Lb. per Sq. In. Abs. 
Hyd is Composition, Composition, Composition, Composition, 
Ai her g Mol Per Cent Mol Per Cent Mol Per Cent Mol Per Cent 
K K K K 
Vapor | Liquid Vapor | Liquid Vapor | Liquid Vapor | Liquid 
Methane 88.30 [41.75 |2.1I |90.07 |42.25 |2.15 {88.11 158.37 |1.51/88.58 157.90 Dsi53 
Ethane. . 4-23 | 4.55 |0.932] 3.37 | 3.20 |t.09 | 4.012 | 3.55 3.47 | 3.78 |o.02 
Propane 9.37 5-33 |0.632| 2.48 4.32 10,575] 2.50 3.77 |0.66) 2.90 3.96 10.73 
i-butane Leyva 3.62 |0.480 1.46 2.50 10.58 
n-butane 1.65 4.81 |0.343 1.80 3-30 |o.54 
t-pentane, vi iia B85" Wo.aor 1.44 2.97 |0.48 
n-pentane 1.33 5.58 [0.238 1.83 4.34 |o.42 
n-hexane 1.03 5-59 |0.184 0.91 2.48 |0.37 
Obs isi anieaton 0):92) ign a6 0.20 |39.84 1.57 |26.36 1.42 |26.72 
Spuigt ten el ts.3 0.7800] 0.8630 0.7800| 0.8630 0.8371| 0.8676 “0.8 65] 0.86 
Mol Wire wine 110 184 110 184 168 1900 eae ‘ bir 
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The experimental results are presented 
graphically in Figs. 2, 3 and 4, in which 
equilibrium constants are plotted against 

_ the absolute pressures. The portions of the 
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Fic. 3.—EXPERIMENTAL RESULTS, 100°F'. 


curves below 3000 lb. per sq. in. were pre- 
pared from large-scale smooth curves of 
_the product of the equilibrium constant K 
and the absolute pressure P plotted against 
_the absolute pressure P. The experimentally 
determined K values were dependent not 
only upon temperature and pressure, but 
also upon compositions of the mixtures 
involved, the effects of composition becom- 
ing increasingly pronounced at pressures 
above 3000 lb. per sq. in. Where the data 
permitted, the curves were drawn through 
the points that represented most nearly the 
compositions that might be expected in 
normal practice. In order to avoid confu- 
sion, some‘of the experimental points are 
omitted from the curves. 
: Each of the K-value curves for all of the 
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hydrocarbons heavier than methane was 
found to pass through a minimum and 
thereafter to increase rapidly with increas- 
ing pressure. The pressures at the minimum 
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Fic. 4.—EXPERIMENTAL RESULTS, 180°F. 


K values varied with the temperatures; 
also for different components, being lower 
for the heavier components. At the higher 
pressures the K values for all of the com- 
ponents approached unity, but there was a 
significant reduction in the rate of approach 
at 5000 lb. per sq. inch. 

The data checked very well with those of 
Katz and Hackmuth,? on a crude oil- 
natural gas system at pressures up to the 
minimum K values. As the pressure in- 
creased above this point, the divergence 
became pronounced. 

The equilibrium constants for the ab- 
sorber oil are not shown on the curves. 
However, appreciable quantities of the oil 
were found in the gas phase, particularly 
at pressures above 2000 Ib. per sq. in. The 
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amount of oil in the vapor phase was de- 
pendent to a large degree upon the composi- 
tion of the mixtures, being greater for the 
richer mixtures. 


CONCLUSION 


Vaporization equilibrium constants of 
methane through hexane in a typical ab- 
sorption oil have been determined at 
temperatures from 33° to 180°F. and pres- 
sures from 100 to 5000 lb. per sq. in. These 
K values are considered to be suitable for 
any multicomponent hydrocarbon system 
up to 1500 lb. pressure. Above 3000 lb. 
per sq. in., the composition of the mix- 
tures has a pronounced effect and care 
should be exercised in applying these values 
to systems that differ considerably from the 
one investigated. 

Absorber operations seem feasible, even 
above 2000 lb. per sq. in., the optimum 
point with regard to oil circulation being 
at the pressure where the K values are at a 
minimum for the given temperature. 
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DISCUSSION 


D. L. Katz* anp M. B. Stanpine,} Ann 
Arbor, Mich.—One point of particular interest 
is the reversed curvature of the equilibrium- 
constant curves as they rise toward unity at 

* Assistant _ Professor, 


University of Michigan, 
t University of Michigan, 


Chemical Engineering, 
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high pressures. The paper states that the com- 


position of the system is a variable at high ~ 


pressures and the curves are drawn through 
those compositions most nearly representing 


normal practice. The ratio of the gas to the © 


absorber oil charged to the equilibrium cell was 
not given but it is presumed that these ratios 
were used in determining which points con- 
stituted normal practice. 

An explanation of the reversed curvature is 
available from some recent measurements 
by the writers. Equilibrium constants of binary 
systems are known to converge to unity without 
reversing in direction. It is further known that 
the pressure of convergence at a given tempera- 
ture is the critical pressure for the particular 
binary mixture that has its critical temperature 
at the temperature of the equilibrium.* The 
application of this principle to complex mix- 
tures composed of two complex components 
such as an absorber oil and a natural gas would 
indicate that the convergence pressure for the 
equilibrium constants might be the critical pres- 
sure for the ratio of gas to oil which has its 
critical temperature at the equilibrium tem- 
perature. The data presented by Mr. Webber 
and recent experiments by the writers show that 
different mixtures of a gas and a liquid will 
have different convergence pressures for the 
equilibrium constants. Since only one ratio of 
gas to oil can have a given critical temperature; 
it should follow that all other mixtures when 
compressed will reach either a bubble or dew 
point before the vapor and liquid compositions 
become identical and the constants become 
unity. 

Fig. 5 shows equilibrium-constant curves for 
jooo cu. ft. of gas per barrel of oil and for 
3500 cu. ft. of gas per barrel of the same oil 
both at 120°F. The highest pressure points 
measured were 8220 lb. and 5330 lb., respec- 
tively, and were on a smooth curve with the 
lower pressure points. As mentioned above, at 
some point between these pressures and the 
indicated convergence point, these systems 
would probably reach a single phase. 

If Mr. Webber had used an increasing ratio 
of gas to oil as the pressure increased, as by 
using a constant liquid quantity in the cell, his 
points would have been on a series of curves 
that have increasing convergence pressures. A 


4D. L. Katz and F. Kurata: Retrograde Condensa- 
tion. Ind. and Eng. Chem. (1940) 32, 817. 
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DISCUSSION 


curve through the points could give the re- 
versed curvature even though no reversal did 
occur for a constant composition system, as 
shown on Fig. 5s. 
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Fic. 


This concept shows the need for the over-all 
composition of the system in batch determina- 
tions of the constants. At present, the pressure 
at which the constants converge appears to be 
slightly above the pressure at which the system 
reaches a single phase, but more data are re- 
quired to give a complete understanding of this 
behavior near the critical conditions. 


K. Emterts,* Bartlesville, Okla——The value 


of Mr. Webber’s contribution to the published 


data on equilibrium constants is obvious and 
does not require elaboration, but I would like to 
ask Mr. Webber four questions to elicit further 
information: 

Referring to Figs. 2, 3 and 4, the shape of the 
equilibrium constant curves at pressures above 
approximately 2000 lb. per sq. in. abs. is of par- 


ticular interest. If identical mixtures of gas and 


adsorption oil were used in the determination of 
constants at a given temperature and variable 
pressure, and provided the given temperature 
was the critical temperature for the mixture, 
the values of constants for all components 
would be expected to approach unity at the 


* Associate Physical Chemist, U. S. Bureau of 
Mines, 
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critical pressure for the given mixture. Some of 
the curves shown have a point of inflection in 
the range of highest pressures, indicating that if 
a point of convergence may be expected it is at 


4000 7000 10000 


LBS./ SQ. IN. 


pressures considerably above 5000 lb. per sq. in. 
abs. My first question is: Were mixtures of 
identical composition used at a given tempera- 
ture, and if not were the compositions varied 
systematically with the pressure? As a second 
question: Were any physical tests performed at 
pressures above 5000 lb. per sq. in. abs. to deter- 
mine whether a given mixture could be main- 
tained in the single phase at the temperature of 
equilibrium constant determination? 

It would not seem that the data just shown 
by Dr. Katz constitute conclusive proof that 
Mr. Webber’s curves would have a common 
point if the mixtures used at a given tempera- 
ture had been identical in composition. Accord- 
ing to our concepts of the critical pressure and 
temperature of a mixture, Mr. Webber’s curves 
at each temperature would, theoretically, have 
a common point only if the mixtures used at a 
given temperature were identical in composi- 
tion and if it so happened that the experimental 
temperature were the critical temperature. 
The two sets of equilibrium constant curves 
shown by Dr. Katz (Fig. 5) were for two mix- 
tures at the same temperature over a range of 
pressures. Although it is possible that one of the 
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sets of curves can have a common point at the 
given temperature, the other set could not, 
as the different mixtures necessarily must have 
different critical temperatures and pressures. 
In the curves shown by Dr. Katz, their actual 
divergence from approach to a common point 
at unit value of the equilibrium constant might 
be indistinguishable, both experimentally and 
graphically. 

Frequently, the amount of heptane and 
heavier hydrocarbons remaining in a column 
at the conclusion of a gas analysis is too small 
for weighing and for molecular weight deter- 
mination and too large and heavy for satis- 
factory evaluation by transfer into receivers 
under low pressure. As a third question: Was 
a procedure devised for measuring the heptane 
plus material in these circumstances? 

The use of equilibrium constants for esti- 
mating dew-point pressures is not always 
satisfactory because heavy components control 
results of the computations, and these com- 
ponents are the least accurately determined by 
analysis. As a fourth question: Do you recom- 
mend that the equilibrium constants reported 
in this paper be used for computing dew-point 
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pressures and, if so, for what range of com- 
position and pressure? 


C. E. WesBER (author’s reply).—The possi- 
bility of the curves ever reaching an equilibrium 


_ value of unity is remote because of the varying 


ratios of gas to oil in the experiments. The 
mixtures were not of identical compositions 
and were varied under different conditions of 
temperature and pressure, the aim being to 
try to simulate conditions that might exist in 
an absorber. No physical tests were performed 
above 5000 Ib. per sq. inch. 

In answer to the third question, the heptane 
plus material was separated from the gas 
stream in a small graduated glass trap, where 
it was measured. In calculating dew-point 
pressures of complex mixtures, the heptane 
plus equilibrium value is controlling. If data 
for heptane plus are available, experience has 
shown that these data fit in very well at 
pressures below 2000 lb. Above that pressure, 


the composition of the mixture has too great 


an effect upon the equilibrium data and 


any dew-point calculations would be only 


approximate. 


Fineness and Water-cement Ratio in Relation to Volume 
and Permeability of Cement 


By J. R. CoLteman* anp G. L. Corrican,} StupEnt Associate A.I.M.E. 


(Tulsa Meeting, October 1940) 


Four factors that largely determine the 
end product obtained when cement and 
water are mixed are the chemical composi- 
tion of the cement, the fineness to which the 
cement is ground, the amount of mixing 
water used, and the procedure used in 
mixing the slurry. In order to study the 
effect of two of these factors, the other two, 
the chemical composition and method of 
mixing, are kept constant, leaving as varia- 
bles fineness and water-cement ratio. 

Through years of experimentation and 
usage it has been well established that the 
reduction of cement clinker to a very fine 
state by grinding improves its cementing 
value, principally because the reaction 
between cement and water takes place only 
at the surface of the cement particle, 
further action being hindered by the 
accumulation of reaction products that 
tend to coat the unreacted material. There- 
fore, the more finely ground a cement, and 
the greater the surface exposed in propor- 
tion to its mass, the more rapid is the 


The work covered by this paper was done by 


the authors in pursuance of graduate studies in 


the Department of Petroleum Engineering at 
The University of Texas. The present paper is 
a condensation of a more detailed paper from 
which, for brevity, information such as the 
procedure for determining permeability and 


‘some of the discussion and procedure relevant 
' to slurry volumes and fineness of cement have 


| 


been deleted. It was felt that this information 
would not be of interest to most readers and 
should be outside the scope of this paper. 
Manuscript received at the office of the Insti- 
tute Aug. 16, 1940. Issued as T.P. 1266 in 
PETROLEUM TECHNOLOGY, January I941. 


* Instructor in Petroleum Engineering, Missouri 
School of Mines and Metallurgy, Rolla, Mo. | 

+ Graduate Assistant, Petroleum Engineering De- 
partment, University of Texas, Austin, Texas. 
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hydration rate. Similarly, the greater the 
surface exposed, the greater the proportion 
of the cement that reacts, and the lower the 
amount of residue that is unreacted and so 
remains inert and unable to make any 
contribution to cementing properties. 

Although it is more expensive to manu- 
facture a finely ground cement than a 
coarser cement, the advantages of fine 
grinding of construction cements were so 
marked that the fineness of cement has 
increased considerably in past years. When 
the manufacture of special oil-well cements 
was begun, it was necessary to consider 
properties of cement that previously were 
considered of minor importance, foremost 
of these being pumpability. Since, with the 
water-cement ratio constant, a finely 
ground cement will produce a neat slurry 
of higher consistency and shorter time of 
pumpability than will a coarser cement, 
there is a tendency to grind oil-well cements 
to a lower degree of fineness. Therefore, in 
order to produce oil-well cements that will 
make a slurry having a long time of 
pumpability, cements are manufactured 
that because of their coarseness generally 
are poorer cementing materials than some 
of the more finely ground construction 
cements. On the other hand, often it is 
necessary to pump oil-well cements for long 
periods of time to place them properly be- 
hind a string of casing in a deep well, and 
since high strength is not of foremost im- 
portance for such cement, there is room for 
considerable controversy concerning the 
proper fineness range. 


1 References are at the end of the paper. 
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In addition to pumpability and develop- 
ment of strength, two other properties are 
essential to a cement suitable for use in oil 
wells. A good oil-well cement when mixed 
with water should be capable of hardening 
into an impermeable and durable mass. It 
has been well established that when con- 
sidering any one cement, the denser and less 
permeable the mass of set cement or con- 
crete produced, the greater will be the 
durability or resistance to attack.’ There- 
fore, since durability is closely related to 
impermeability, and because it is necessary 
for cement to harden into a mass having 
low permeability in order to shut off water 
in an oil well, impermeability is a doubly 
important property to be developed by an 
oil-well cement. It is with this property of 
cement that this report is chiefly concerned. 

Another factor that should be considered 
is the volume of set cement obtained when 
cements are mixed at various water-cement 
ratios. This is important for two reasons: 
(1) the impermeability is directly related to 
the ratio of set volume to slurry volume 
obtained when cement hardens—that is, 
when a wellis cemented with a slurry mixed 
at excessive water-cement ratios, water 
that does not adhere to or react with the 
cement particles tends to move upward in 
the cement column, possibly forming water 
channels and water pockets therein behind 
the pipe, which would, of course, give 
regions of very high permeability at the 
points where channels or pockets should 
occur; (2) frequently an economic advan- 
tage can be gained by proper control of the 
water-cement ratio. Usually there is a 
range of water-cement ratios at which any 
particular cement can be mixed and still 
produce set cement that would not contain 
water pockets or show evidence of water 
movement. This range of water-cement 
ratios is directly dependent upon the fine- 
ness to which the cement is ground; that is, 
a finely ground cement can be mixed at 
higher water-cement ratios than a coarsely 
ground cement, without water channeling 
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or the occurrence of water pockets. For 
these reasons, it is highly desirable to con- 
sider in the same study the effect of the 
various variables on both the permeability 
developed and the volume of set cement 
obtained when neat cement slurries harden. 


GENERAL PROCEDURE AND RESULTS 


In order to determine what effect fineness 
has on the permeability and volume of set 
cement, it was necessary to have available a 
cement ground to several different degrees 
of fineness but not varying in chemical 
composition. One of the major cement 
manufacturers ground a sample of regular 
slow-setting ‘‘oil-well” cement clinker to 
four different specific surfaces, ranging from 
1206 to 1890 sq. cm. per gram. This range 
includes within its limits the fineness of 
practically every oil-well cement now on 
the market. Some construction cements are 
used in cementing oil wells and generally 
they are more finely ground. 

The fineness of cement used in these 
experiments is in all cases expressed in 
terms of surface area in square centimeters 
per gram (specific surface) as determined 
by the Wagner turbidimeter. Details con- 
cerning this instrument and its use have 
been published. 


Composition 


The chemical analysis and compound 
composition of this cement are given in 
Table 1, and for comparison, the averages 
of the Bogue constituents of four Mid- 
Continent oil-well cements listed with those 
of the cement used in these tests.? This com- 
parison shows that the compound composi- 
tion of the cement used in these experiments 
differed from the average composition of 
the four Mid-Continent cements in that it 
contained less C3S and CsA and more C.S 
and C4AF; that is, the cement used in these 
tests contains lower percentages of the 
compounds that give early strength and 
higher percentages of the compounds that 
set and harden more slowly. It might be 
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TABLE 1.—Chemical Analysis and 
Compound Composition 


; Chemical 

Constituents Analysis, 

Per Cent 
pilicon dioxide: (SiQ2). 0c... ees eee 21.04 
merricvoxide, (FesOs) .. sic cieiacs heii e « 7.52 
Aluminum trioxide (Al2O3).............. 5.58 
Caloiimroxide (CaO) s. oaicc ee cnt tee we 50135 

Magnesium oxide (MgO)............... 

Sulphur trioxide (SOs) j...:8.46 ae es eee 1.88 
BEGSH Mera tarietems.dcaleisnateheue fis «ers lerne wien vee 3-39 


: Cement | Average Mid- 
Bogue Constituents Tested, Continent, 
Per Cent Per Cent 
Tricalcium silicate (C3S)..] 28.1 43-9 
Dicalcium silicate (C2S)..| 39.2 29.5 
Tricalcium aluminate 
CORAM mere cratis acsemtthelas.» aia 4.8 
Tetracalcium aluminofer- 
PIGeeCGeAT) . cc heir 66.3 22.9 17.0 
Calcium sulphate (CaSOs) ase Res 


noted here that the variation between the 
compound composition of the cement and 
the average as shown above is not unusual. 
It is not necessary for the composition of 


oil-well cements to conform to any definite ° 


set of specifications, therefore a number of 
cements that differ over a rather wide range 
are called oil-well cements. 


Volume and Weight of Slurry 


In this work it was desired to know rather 
exactly how much slurry could be mixed 
from a given weight of the cement at 
different water-cement ratios. Therefore, 
the slurry volume obtainable at water- 
cement ratios ranging from 35 to 70 per cent 
by weight* was carefully measured. For 
convenience of use, the volumes (Fig. 1) 
were converted from laboratory units to 
cubic feet per sack. Throughout this work, 


as a check on the accuracy attained in 


mixing the slurry at a desired water-cement 
ratio, the slurry was weighed for every test 
(Fig. 1). From the graph in Fig. 1, slurry 
volumes can be read for any particular 


* Percentage by weight is used here to mean: 
(Weight of water/Weight of cement) X 100. All 
water-cement ratios used in these tests were per- 
centage by weight as here defined. 
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water-cement ratio, either percentage by 
weight or gallons per sack, by using the 
volume curve and the left ordinate. Simi- 
larly, slurry weights may be read using the 
weight curve and the right ordinate. 
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I.—VOLUME AND WEIGHT OF CEMENT 
SLURRY. 


Fic. 


Volume of Set Cement 


The volume of set cement obtainable was 
determined for the four degrees of fineness 
of the cement, each being mixed at four 
different water-cement ratios. With the 
exception of special molds, all the equip- 
ment used was standard laboratory equip- 
ment and requires no description. The parts 
of one of the molds used and a cement 
specimen are shown in Fig. 2. The molds 
were made from standard concrete cylinder 
molds 6 in. id. by 12 in. high, and inside 
each was centered a steel tubing 12 in. long 
and 314 in. in outside diameter, cemented 
in a neat cement bottom. The mold was 
formed by the annular space between the 
314-in. o.d. tubing and the 6-in. split steel 
cylinder. The molds were assembled so that 
they would hold water without any measur- 
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able loss. The procedure followed in making 
the tests was: 

1. The molds were greased and as- 
sembled. 

6%12" 
pSteel mold 


"oe 


Cement 
specimen 
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2. Using a 2-liter graduate, the volume of 
each mold was measured by filling it with 
water. 

3. The molds were allowed to stand full 
of water for 15 min. as a test for leakage. 
Any mold that showed leakage was reas- 
sembled and retested. 

4. An accurately weighed amount of 
cement was mixed with the measured 
amount of water necessary to give the 
desired water-cement ratio. After the 
cement was thoroughly wet with the water, 
the slurry was mixed for 10 min., using an 
electric stirring device. 

5. The weight of the slurry was obtained 
with a baroid mud balance. 

6. The annular space of the mold was 
filled to the top with slurry. To prevent any 
error because of different settling rates of 
the slurries during the time elapsed after 
stirring and before pouring, the amounts of 
ingredients for the slurry were calculated, 
so that only a very small excess was left 
after each mold was filled; that is, virtually 
all the cement and water used to make a 
batch of slurry was poured into one mold. 

7. After the cement had hardened for 24 
hr., the space between the top of the set 
cement and the top of the mold was meas- 
ured by filling with water, using a gradu- 
ated cylinder. 
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8. The volume of set cement was ob- 
tained by subtracting this volume from the 


total volume of the annular space. 


9. The split cylinders were then removed 


E 
SA: 120 
Cm.2/Gm. 


Fig. 4, surface area 1890 sq. cm. per gram. 


Tics. 3 AND 4.—EFFECT OF WATER-CEMENT 
RATIO ON VOLUME OF SET CEMENT. 


from the specimens of set cement, which | 


were allowed to harden further for use in 
the permeability tests. A specimen of set 
cement from which the cylinder has been 
removed is shown in the center of Fig. 2. 
The results of these set-volume tests 
(Table 2) bring out some rather significant 
points. It was found that, all other condi- 
tions being equal, the ratio of set volume to 
slurry volume increased as the water- 
cement ratio was decreased, until for any 
one fineness of cement a definite water- 
cement ratio was reached at which the ratio 
of set volume to slurry volume approached 
roo per cent. This point is illustrated by 
Fig. 3. Using the cement ground to a fine- 
ness of 1206 sq. cm. per gram, it was found 
that the slurry mixed at a water-cement 
ratio of 60 per cent settled so much before 
setting that a ratio of set volume to slurry 
volume of only 77.65 per cent was obtained. 
On the other hand, the slurry mixed at a 
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water-cement ratio of 35 per cent set witha 
ratio of set volume to slurry volume of 
96.85 per cent. It should be noted here that 
even when mixed at a water-cement ratio as 
low as 35 per cent (3.9 gal. per sack), this 
cement (surface area, 1206 sq. cm. per 
gram) settled and set with a ratio of set 
volume to slurry volume considerably 
below 100 per cent. This same fact is 
illustrated again in Fig. 4, but in this case, 
cement ground to a fineness of 1890 sq. cm. 
per gram was used. Here a ratio of set 
volume to slurry volume of 95.25 per cent 
was obtained even at a water-cement ratio 
of 70 per cent, and at water-cement ratios 
of 50 and 4o per cent, cement of this fine- 
ness set with ratios of set volume to slurry 


-yolume of 99.26 per cent and roo per cent, 


respectively. 


TABLE 2.—Volume of Set Cement 


coe Slurry | Ratio of Set] Volume of 
R tin, P Volume, Volume to | Set Cement, 

C. et b er | Cu. Ft. per Slurry Cu. Ft. 

Weight Sacke Volume per Sack 


Specific Surface = 1890 Sq. Cm. per Gram 


40 1.069 100.00 I.069 
50 1.220 99.26 EL 2TL 
60 1.370 97.66 1.338 
70 1.521 95.25 I.449 


Specific Surface = 1630 Sq. Cm. per Gram 


40 I.069 99.26 1.061 
50 1.220 94.88 f. iss 
60 1.370 88.50 ip piy 
70 1.521 82.94 E202 


Specific Surface = 1403 Sq. Cm. per Gram 


35 0.994 99.12 0.985 
40 1.069 98.67 I.055 
50 I.220 Q1.34 I.1I4 
60 £2370 83.99 Tats 


Specific Surface = 1206 Sq. Cm. per Gram 


35 0.994 96.85 0.963 
40 1.069 Q1.61 0.979 
50 1.220 83.80 I.022 
60 I.370 77.05 1.064 


@The slurry volumes tabulated were carefully 
measured in the laboratory and calculated to cubic 
feet per sack. 


The second fact brought out by these 
tests is that for each fineness of cement 
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there is a definite maximum amount of 
mixing water that can be used without 
leaving “excess water.”’* This amount in- 
creases as the fineness of the cement 


1890 § 


Fic. 5.—EFFrECT OF FINENESS OF CEMENT ON 
SET VOLUME, 

Water-cement ratio, 50 per cent. 
increases and ranges from 30 per cent for 
the 1206 S.A. cement to 45 per cent for the 
1890 S.A. cement. The gradual increase in 
the ratio of set volume to slurry volume 
obtained as the fineness of the cement 
increased is shown by Fig. 5. These speci- 
mens of set cement were obtained when 
each of the four grinds of cement were 
mixed at a water-cement ratio of 50 per 
cent. The ratios of set volume to slurry 
volume varied from 83.80 per cent for the 
1206 S.A. cement to 99.26 per cent for the 
1890 S.A. cement, indicating that ‘‘excess 
water” amounted to 16.20 and 0.74 per 
cent, respectively. 

In Fig. 6, the results of all volume tests 
are shown graphically. The volume of slurry 
and set cement obtainable per sack of 
cement for each fineness of cement are 
plotted against percentage of mixing water 
and slurry weight. It may be noted that 
each of the four curves for set cement inter- 
sects the slurry line. At these intersection 
points the set-cement volumes and slurry 
volumes are equal, and the ratio of set 
volume to slurry volume would necessarily 
be roo per cent; that is, if each of these four 
grinds of cement should be mixed at the 

*“Fxcess water’’ is arbitrarily defined as 
any water used over the maximum amount that 
can be mixed with a given amount of cement 
and still produce a slurry with which a ratio of 


set volume to slurry volume of r00 per cent 
can be attained. 
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water-cement ratio that corresponds to the 
intersection of its respective set-cement 
curve with the slurry line, the cement 
would be mixed with the maximum amount 
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Volume per sack of cement, cu. ff. 


| : 
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of water that could be used without “‘excess 
water.”’ If the cements should be mixed at 
water-cement ratios exceeding those repre- 
sented by the intersection points, ‘‘excess 
water” would be used. If the water-cement 
ratio were in the excess-water range, the 
attendant dangers of water channels and 
water pockets in the cement column behind 
the pipe would be incurred; if the cement 
were mixed at a water-cement ratio less 
than those represented by the intersection 
points, cement would be used in excess of 
the least amount necessary to give a 
definite quantity of set cement containing 
no water channels or large voids. Condi- 
tions might make it desirable to cement a 
well at a water-cement ratio lower than the 


“optimum”* value, but when a good 


*“Optimum”’ water-cement ratio is here arbi- 
trarily defined as the maximum water-cement 
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cement job is essential a water-cement ratio 
much higher than the optimum value 
should never be used. The only reason for 
using a water-cement ratio higher than the 
optimum would be to use fewer sacks of 
cement and still obtain a definite fill-up 
behind the pipe. Such a practice would 
probably prove to be false economy. 
Although all of the excess water in these 


tests accumulated at the top of the molds, it — 


has been shown by other investigations 
that this did not occur when molds as high 
as 6 to 12 ft. were used.* Those investiga- 
tions’ showed that the volume of the same 
cement slurry contracted less in setting in a 
tall form than in a short form. The limita- 
tions of equipment prevented the construc- 
tion of forms taller than 12 ft., but the 
relationship between the volume of set 
cement and original slurry volume in 
1-ft., 3-ft., 6-ft. and 12-ft. forms was so 
consistent that the action of the setting 
cement in a long thin column was predicted 
with confidence. It was shown that the set- 
cement volume approached the original 
slurry volume with an increase in column 
height in all cases, hence the conclusion 
was reached that in a long column of 
cement, such as that used in cementing a 
string of casing, the original slurry volume 
would determine the height to which the 
cement should set behind the casing. It was 
further concluded that there would be no 
large quantity of water above the top of the 
set cement and that most of the excess 
water would be trapped in pockets or 
channels at various points in the column of 
set cement. 

In view of the above information, it 
should be readily understood that the set- 
cement curves plotted on Fig. 6 are applica- 
ble for selecting a suitable water-cement 
ratio at which to mix a cement ground to a 
particular fineness, and that they are not 


tatio at which a given cement can be mixed 
and still produce a slurry that will set with a 
ratio of set volume to slurry volume of 100 per 
cent. 
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applicable in determining the amount of 
fill-up that should be expected. The amount 
of slurry mixed determines the volume of 
cement available to fill up the annular space 
behind the pipe. 


Permeability of Cement 


Permeability measurements were made 
for each of the 16 specimens of cement 
poured for the determinations of set vol- 
ume. Since in oil-well cementing the cement 
is usually allowed to harden 72 hr. before 
it is tested for a water or gas shutoff, it 
seemed desirable to make the permeability 
measurements after the cement specimens 
had hardened for 72 hr. Therefore, in addi- 
tion to the 24-hr. curing allowed before the 


volume of set cement was measured, for the 


permeability measurements the specimens 
were allowed to harden an additional 48 
hr. The cement was allowed to remain 
in the molds at room temperature (85° 
to 95°F.) during the first 24 hr.; then the 
molds were removed and the specimens 
were cured in water at 1oo°F. for the re- 
maining two days. Six permeability cores 
were cut from each of the specimens. In 
order to determine the limits of the permea- 
bility variation, three of these cores were 
cut from the top and three from the bottom 
of each specimen. The top and bottom cores 
were all horizontal, cut along a circumfer- 
ence at a distance of one inch from the tops 
and bottoms, respectively, of the speci- 
mens. As soon as the cores were cut they 
were dried in an oven at 212°F. for approxi- 
mately 6 hr. The cores were then allowed to 
cool in a desiccator before the permeability 
measurements were made. 

The apparatus used in making the 
permeability measurements was regular 
permeability equipment ordinarily used in 
determining the permeability of sand or 
limestone cores with air. Details concerning 
the procedure used for determining permea- 
bilities have been given by Fanclier, Lewis 
and Barnes.® 
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The results of these measurements are 
tabulated in Table 3. The permeability 
values obtained for the cores from the top 
and bottom of each specimen were averaged 
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separately. These averages show that there 
is little difference between the permeabili- 
ties of the tops and bottoms of the speci- 
mens mixed at low water-cement ratios, but 
that the specimens mixed at high water- 
cement ratios differed widely in permeabil- 
ity between the bottom and top of the 
specimens. This difference was due to 
settling of the cement particles before the 
cement took an initial set; that is, as the 
cement was setting the cement particles 
settled and the “excess water” moved 
upward, collecting at the tops of the molds. 
The permeability variation for two of the 
grinds of cement is illustrated by Fig. 7. 
Two points should be noted from this 
curve: (1) the difference in permeability 
between the top and bottom of the speci- 
men due to settling increased markedly as 
the water-cement ratio increased; (2) this 
difference in permeability was greater for 
the coarse cement (S.A. 1403) than for 
the finer cement (S.A. 1890), showing the 
greater tendency for the particles in the 
more coarsely ground cement to settle. 
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For the purpose of comparing the perme- 
abilities developed by cements of different 
degrees of fineness, the average permeabil- 
ity of each specimen of set cement was 
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water present would tend to collect as 
water pockets in the column of cement and 
form regions of very high permeability 
behind the pipe. On Fig. 8 is plotted an 


TABLE 3.—Permeability of Cement 


Permeabilities of Specimens, Millidarcys 


W/C, Per Cent by 


S.A. 1630 


Weight S.A. 1890 
Tops Bottoms Tops 
1.39 1.40 1.89 
1.54 1.41 g523 
noes tes 1.70 2.03 
1.44 1.50 2.38 
4.80 4.51 
4.04 2:t4 4.29 
4.28 2.66 4.11 
4-37 2.40 4.30 
14.36 AE 17.30 
14.61 6.37 Ey Mel 
LEIZ0 18.67 
3.45 6.04 17.84 
23.65 25.66 
22.72 9.98 25.73 
26.30 5.86 
24.22 7.92 25.69 


calculated, and the values are plotted on 
Fig. 8. From this figure, it can be readily 
seen that the permeabilities of all of the 
grinds of cement increased rapidly as the 
water-cement ratio was increased. These 
permeabilities increased from 1.5 to 16 
millidarcys as the water-cement ratio was 
increased from 35 to 70 per cent. Although 
the permeabilities developed by the ce- 
ments when mixed at water-cement ratios 
as high as 70 per cent were measured, it 
should be remarked that the permeabilities 
of none of these cements would have 
appreciable actual significance at a water- 
cement ratio above the optimum value, 
because at ratios above the optimum, 
excess water collected on top of the molds 
while the cement was setting. If any of this 
cement, when mixed at a water-cement 
ratio exceeding the optimum, should be 
used in cementing an oil well, the excess 
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optimum water-cement ratio line, which 
was obtained by taking the intersection of 
each set-cement curve with the slurry line 
from Fig. 6 and replotting these values on 
Fig. 8. It should be noted that when mixed 
at or below their respective optimum water- 
cement ratios, all of these cements devel- 
oped permeabilities that were very low in 
comparison to the permeabilities developed 
at the higher water-cement ratios. 

In order to determine just what effect the 
fineness of grind had on the permeability 
developed by the set cement, permeability 
was plotted against specific surface for 
water-cement ratios of 35, 40 and 50 per 
cent, as shown in Fig. 9. Also, on the same 
graph was plotted the optimum water- 
cement ratio line. Although all of these 
permeabilities were rather low, a decrease 
in permeability with an increase in specific 
surface was found. 
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These tests were made for two specific 
purposes: (1) to determine what effect the 
fineness to which a cement is ground and 
the amount of mixing water used in the 
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very high permeabilities under these test 
conditions. 

Since all of the measurements described 
above were made after the cement had 
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slurry have on the volume of set cement 
obtained per sack of cement; and (2) to 
determine the effect of these same two 
variables on the permeability of the cement 
after it hardens. It is believed that these 
tests accomplish these purposes, but, be- 
cause of such factors as pressure, high 
curing temperatures, change in volume of 
cement on drying, and change in properties 
of cement with age, these same values of 
permeability would not necessarily be ex- 
pected in an oil well. When compared to the 
permeabilities found in oil sands the 
_ permeabilities found in these tests would be 
called low; in fact, they are of about the 
_ same magnitude as the permeabilities found 
in some Bradford sand that is being water- 
flooded.* However, for a material designed 
to shut off water, this slow-setting cement, 
for all degrees of fineness tested, showed 
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cured for 72 hr. at low temperatures, 
further tests were made to see how imper- 
meable the cement would become when 
cured at a higher temperature. Also, 
permeabilities were measured after 14 days 
of curing as well as at 3 days of curing. For 
a comparison, permeabilities were measured 
of specimens of Portland cement cured 
under the same conditions as the slow- 
setting oil-well cement. A fineness of the 
slow-setting cement very close to the fine- 
ness of the Portland cement was chosen, 
thus leaving chemical composition as the 
main variable. To see how fineness would 
affect the permeability of cement cured at a 
high temperature, a coarse grind of the oil- 
well cement was tested also. All of these 


TABLE 4.—Measurements at High 
Temperatures 


Permeability, Millidarcys 


Cur- c 

in ore i 

Time, Number] portland Oil-well Cement 

Days Cement, 

Sua T843 S.A. 1890 | S.A. 1403 

3 I 0.069 0.282 0.915 
3 2 0.058 0.314 0.934 
3 Average| 0.0635 0.208 0.925 
I4 I 0.050 0.038 0.139 
I4 2 0.049 0.037 0.168 
14 | Average] 0.0495 0.0375 0.154 
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cements were mixed at a water-cement 
ratio of 40 per cent and were cured at 150°F. 
The permeabilities of two cores cut from 
different specimens were measured for each 
of the cements. The results of the measure- 
ments are given in Table. 4. The following 
points seem important: 

1. Although each core was cut from a 
different specimen, the permeabilities of 
different cores for any one cement at either 
3 or 14 days did not differ greatly. These 
tests suggest that permeability, or imper- 
meability, is possibly as consistent a 
property of cement as is strength, setting 
time and other properties. 

2. As would be expected, the permeabili- 
ties of all the cements were considerably 
lower at 14 days than at 3 days. 

3. The permeability of the Portland 
cement was much lower at 3 days than was 
that of either fineness of the oil-well 
cement, largely because the Portland 
cement, owing to its chemical composition, 
hardened at a much faster rate than did the 
slow-setting oil-well cement. 

4. After 14 days of curing, the permea- 
bility of the oil-well cement, S.A. 1890, and 
that of the Portland cement, S.A. 1843, did 
not differ greatly, the permeability of the 
Portland cement being slightly higher. 

5. Of the two grinds of oil-well cement, 
the coarse grind, S.A. 1403, was much more 
permeable than the fine grind, S.A. 1890, 
after both 3 and 14 days. 

To show how much high curing tempera- 
ture speeds up the development of imper- 
meability, the permeabilities of specimens 
of Portland and oil-well cement cured at 
go° and 150°F. were measured (Table s). 


TABLE 5.—Effect of High Curing 
Temperature 
AGE OF SPECIMENS, 3 Days 


Portland, S.A. Oil-well, S.A. 


Temperature, , 
F. 1843, Millidarcys|1890, Millidarcys 


90 
150 


0.179 


1.943 
0.064 


0.298 


FINENESS AND WATER-CEMENT RATIO OF CEMENT 


It should be noted that for both cements 
the permeabilities of the specimens cured 
at 150°F. were very much lower than those 
cured at 90°F. This, of course, is consistent 
with the increase in hardening rate that oc- 
curs with an increase in curing temperature. 


SUMMARY OF RESULTS 


From the determinations of the volume of 


set cement the following results and con-_ 


clusions seem pertinent: 

1. With all other conditions equal, it was 
found that the ratio of set volume to slurry 
volume increased as the water-cement ratio 
was decreased, until for any one fineness of 
cement a definite water-cement ratio was 
reached at which the ratio of set volume to 
slurry volume approached too per cent. 

2. For each fineness of cement there is a 
definite maximum (“optimum”) amount 
of mixing water that can be used without 
using any ‘‘excess water.’ This amount of 
water was found to increase as the fineness 
of cement increased, and ranged from 30 
per cent for the 1206 S.A. cement to 45 per 
cent for the 1890 S.A. cement. 

From the permeability measurements 
made on the specimens of set cement, the 
following results seem important: 

1. There was little difference in the 
permeabilities of the tops and bottoms of 
the cement specimens mixed at low water- 
cement ratios (water-cement ratios equal 
to or less than the “optimum” water- 
cement ratio). 

2. Specimens of cement mixed at high 
water-cement ratios showed much higher 
permeabilities at the tops of the specimens 
than at the bottoms. 

3. The differences in the permeabilities 
of the tops and bottoms of the specimens 
decreased as the fineness of the cement in- 
creased and probably were largely caused 
by settling of the cement particles as the 
cement was setting. 

4. The permeabilities of all the cements 
increased with the water-cement ratio. 

5. Other factors being constant, at 
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water-cement ratios between 35 and 50 per 
cent there was a decrease in permeability 
with an increase in fineness. 

6. The permeability of all cements tested 
decreased with an increase in age or curing 
temperature. 

7. The rates at which the cements devel- 
oped impermeability apparently were con- 
sistent with the rates at which ordinarily 
they harden. 
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Some Theoretical Considerations on the Problem of Well Shooting 


By H. H. Evincer* anp M. Musxat* 


(Tulsa Meeting, October 1940) 


AttTHouGH the shooting of oil wells for 
the purpose of increasing production has 
been practiced since 1866, present-day 
shooting technique has been arrived at al- 
most wholly by a process of trial and error. 
The difficulties attending either a theoreti- 
cal analysis of the problem or an experi- 
mental attack become apparent when one 
actually embarks on a theoretical investiga- 
tion or attempts to formulate an intelligent 
experimental program. The literature on 
the subject consists mainly of descriptions 
of current practice, scattered eye-witness 
accounts of events following the shooting of 
a well, and vague speculations on the 
mechanical processes involved. 

In contrast to quarry blasting, the results 
of oil-well shooting cannot be determined 
by means of visual inspection, and it is 
perhaps for this reason that only one at- 
tempt at what approaches a direct experi- 
mental attack has been reported in the 
literature.! In these experiments, charges of 
liquid nitroglycerin were exploded in holes 
drilled in a sandstone outcrop. In order to 
observe the character and extent of the 
resulting fractures, the rock was blasted 
away so as to expose the original shot holes. 
After all this had been done it was found 
impossible to distinguish the fracturing due 
to the original shots from that due to the 
subsequent blasting. The enlargement of 
the holes due to the pulverizing action of 
the shots was measured and an attempt was 
made to determine the effectiveness of sand 
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tamping. Only five shots were made and 
few definite conclusions could be drawn. 

Some small-scale experiments to deter- 
mine the effect of tamping were performed 
by Snelling and Hall.? Small charges (20 
grams) of dynamite were detonated at the 
bottom of a cylindrical hole in a lead block 
and the resulting enlargement of the hole 
was taken as a measure of the effectiveness 
of the explosion. It was found that when 
the shot was tamped with a sufficient 
amount of sand or clay, the volume enlarge- 
ment was approximately double that found 
when no stemming had been used. 

The properties of the explosives have been 
the subject of much study by the manufac- 
turers, the U. S. Bureau of Mines, and 
various other agencies. For example, veloci- 
ties of detonation for many commercial 
explosives are to be found in the Blasters’ 
Handbook, issued by the Du Pont company. 
Many other properties are given in a 
treatise on the subject by Naoum.? The 
shock wave that accompanies the detona- 
tion of high explosives has been studied 
photographically by Payman‘ and others. 
The hydrodynamical theory of the shock 
wave has received much attention, and an 
extended theoretical treatment is given by 
Bateman.® 

Two aspects of the well-shooting problem 
will be considered in this paper; namely, the 
fracturing of subsurface strata, and possible 
damage to casing. With respect to the 
former of these, several calculations have 
been made giving the stresses in the rocks 
surrounding the shot. In order to arrive at 
numerical results at all, however, it is neces- 
sary to introduce a great many simplifying 
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assumptions, and for this reason none of 
these results can be considered as quantita- 
tively accurate. On the other hand, unless 
these assumptions are made, about all that 
can be done is to discuss qualitatively the 
types of stress that probably occur and to 
speculate on the mechanism of failure in the 
rocks. Of course, no claim is made that the 
following discussion gives a solution in any 
sense of the practical problems of well 
shooting. Rather, it is presented only as an 
outline of the physical elements involved, 
and for the purpose of stimulating interest 
and further work by others who are also 
seeking improvements in the art of well 
shooting. 


THE EXPLOSION PROCESS 


Because the desired effects of a shot are 
the direct consequence of the application of 
pressures on the walls of the hole, it is 
necessary to consider the probable history 
of these pressures following the detonation 
of the shot. If the detonating agent is 
placed at the top of the explosive column, 
the wave of detonation will travel down- 
ward through the column with a velocity 
- that may attain values in excess of 20,000 
ft. per sec. Behind the detonation wave are 
the expanding gaseous products of the 
explosion. As shown by the photographic 
studies made by Payman‘ of unconfined 
explosions, the gaseous products of the 
explosion are preceded by a shock wave 
whose velocity may be several times that 
of sound in air under normal conditions. 
However, on account of the extremely short 
- duration of the shock wave, and the rela- 
- tively small amount of energy it carries, it 
seems unlikely that the shock wave is an 
_ important agent in the creation of fractures 
in the rocks surrounding the shot. We shall 
consider therefore only the pressures ex- 
erted on the walls of the hole by the gaseous 
products themselves. These pressures are a 
source of much uncertainty. If the gaseous 
_ products of liquid nitroglycerin are confined 
to the volume originally occupied by the 


219 


liquid, and if no heat losses are permitted, 
calculation’ gives a resulting pressure of 
about 150,000 lb. per sq. in. This figure is 
based upon the assumption that the prod- 
ucts of the explosion behave as perfect 
gases, but since the temperatures and pres- 
sures of the explosion are much too high for 
the perfect gas laws to give good approxi- 
mations, the calculation is probably valid 
only with regard to order of magnitude. 
The general belief of workers in this field 
seems to be that if a charge of nitroglycerin 
could be perfectly confined, the explosion 
pressure might reach 1,000,000 lb. per sq. 
in. However, since it is practically impossi- 
ble to confine gases under such pressures, 
the pressure applied to the walls of the hole 
during the explosion probably does not 
attain such a high value. 

In addition to the uncertainty as to the 
maximum value of the pressure resulting 
from the explosion, an even greater one is 
encountered in attempting to estimate the 
time rate at which this pressure is applied 
to the walls of the hole. In some of the 
calculations that follow it is shown that 
this time rate is probably as important as 
the pressure -itself in determining the 
stresses in the rocks. 


STRESSES RESULTING FROM THE 
EXPLOSION 


In general, mechanical failure of rocks 
can be caused by the application of any one 
of the three types of stress; that is, compres- 
sion, tension, and shear. Compressive 
stresses are probably less important in well 
shooting than either tension or shear, and 
their principal manifestation is the pulver- 
izing that occurs in the rock immediately 
surrounding the shot. Cracking and split- 
ting of the rock can be produced either by 
tension or by shear. In the case of tension, 
failure is the result of the rock simply being 
pulled apart, whereas the effect of a shear- 
ing stress is to produce differential displace- 
ments along parallel planes. 
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Owing to the finite velocity of detona- 
tion, it is clear that the application of pres- 
sure to the sides of the hole will occur first 
at the top of the explosive column and then 
proceed downward. This process is in itself 
rather complicated because there are three 
distinct velocities involved. First, there is 


the velocity of detonation; that is, the 


velocity at which the beginning of decom- 
position is propagated. Then there are the 
wave velocities characteristic of the fluid 
within the hole and of the rock surrounding 
the hole. Since the first of these is probably 
considerably greater than the others, the 
initial application of pressure at a given 
point in the hole will be due only to the 
decomposition of explosive in the imme- 
diate neighborhood of the point in question. 
Indeed, if the rate of decomposition of the 
explosive is sufficiently great, maximum 
pressure will be attained before a pressure 
wave initiated farther up the hole could 
arrive. In this case, owing to the absence of 
pressure differentials over any considerable 
distance in the interval between the top of 
the explosive column and the detonation 
front, the main disturbance will be propa- 
gated downward with the velocity of 
detonation rather than with the wave 
velocity of the fluid within the hole. At 
points on the walls of the hole above or 
below the charge, the front of the disturb- 
ance will probably arrive through the 
surrounding rocks rather than through the 
material within the hole, because of the rel- 
atively slow velocities of propagation 
through the fluids in the well bore. 

The problem then is to calculate the 
stresses in the rocks surrounding the shot 
hole due to pressures within the hole, which 
depend not only upon time but also upon 
the distance from the top of the explosive 
column. Unfortunately, it appears that 
there would be little chance of obtaining an 
exact solution to this problem even if the 
manner in which the pressure in the hole is 
built up were known and if, in addition, an 
ideal elastic medium were assumed. How- 
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ever, various simplifications of this funda- 
mental problem will be discussed in an 
effort to throw some light on the processes 
involved. In addition to these simplifica- 
tions, we shall also make the same basic 
physical assumptions that underlie the whole 
of the classical theory of stress analysis. 
For example, whereas rocks actually are 
neither homogeneous nor isotropic, we 
shall assume them to be so in our theoretical 


discussion. Moreover, although their obe- 


dience to Hooke’s law is not very close even 
before failure occurs, and we shall be inter- 
ested mainly in cases where failure does 
occur, the validity of Hooke’s law will be 
assumed nevertheless in the analytical 
developments. 

In the published literature on the me- 
chanical properties of rocks (for instance, 
Johnson’s Materials of Construction®), most 
of the data are for building stones, which 
probably have greater strength than 
the average oil-bearing formations. For 
these, the tables indicate, as would be 
expected, that rocks have much greater 
resistance to compression than to shear or 
tension. Values of 5000 lb., 500 lb. and 200 
lb. per sq. in. seem to be typical for the 
maximum strengths in compression, shear, 
and tension, respectively, and, for want of 
better ones, will be used in subsequent 
calculations. Moreover, for stratified rocks 
their strength will obviously be least 
against shearing forces parallel to, and ten- 
sion perpendicular to, the bedding planes. 

In the following paragraphs the results 
of a number of stress calculations are given. 
These stresses have been calculated as a 
function of the distance from the center of 
the initial disturbance. The distance below 
which the stress exceeds the maximum 
strength of the rocks is termed the “radius 
of fracture.” 


Effect of a Pressure Pulse in a Spherical 
Cavity 


A case that can be solved theoretically, 
and which probably would give a close 
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approximation to certain aspects of the 
actual shooting process, is that of a pressure 
pulse acting on the walls of a cylindrical 
hole of infinite length. However, the work 
required in making the numerical calcula- 
tions turns out to be so great that it could 
hardly be justified in view of other ques- 
tionable assumptions that would have to be 
made. Fortunately, however, the corre- 
sponding case of a spherical cavity is not 
very difficult of solution and for distances 
from the shot hole that are large compared 
to the length of the explosive column the 
spherical case should actually give an even 
better approximation. In particular, this 
problem provides a rather enlightening 
comparison between the effects of a pres- 
sure pulse and those resulting from the 
application of purely static pressures. Thus, 
if p is the static pressure exerted on the 
inside of a spherical cavity of radius a, the 
radial compressive stress P and the tangen- 
tial tension Q are given by the equation:’ 


—P = 20 = ap/r3 [x] 


where 7 is the distance from the point in 
question to the center of the sphere. Here 
the radius of fracture varies as the cube root 
of the applied pressure. In particular, if p is 
taken as 500,000 lb. per sq. in., 200 lb. per 
sq. in. as the ultimate strength of the rocks 
in tension, and 1 ft. as the radius of the 
cavity, the fracturing radius is found to be 
about 11 feet. 

If, however, we consider the effects of a 
pressure increasing with time up to a cer- 
tain maximum value, an entirely different 
state of affairs is encountered. Whereas in 
the static case the stresses decrease as the 
inverse cube of the distance, it is found that 
if a pressure pulse is applied within the 
cavity, the maximum stress that obtains at 
-a given point will, for sufficiently large 
distances from the center, fall off only as 
the inverse first power of the distance. The 
expressions for the stresses are rather 
complicated and are given in section 1 of 
the Appendix, with the complete analysis of 
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this problem. Here we shall refer only to 
the results of the numerical calculations. 
The pressure in the cavity at a time / 
after the explosion was assumed to be given 
by the equation: 


P = P(r — e-*) {2] 


where Py is the maximum value attained by 
the pressure, and & is a constant, which is a 
measure of the speed at which the pressure 
is applied.* In fact, according to Eq. 2, the 
pressure will attain approximately one-half 
its maximum value when ¢ = 0.7/k. The 
ultimate effect of the rate of pressure 
build-up constant & upon the fracture 
radius is: 
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where the radius of the spherical cavity was 
taken as 4 in. and Po was assumed to be 
500,000 lb per sq. in. The fracture radii R 
are those to which the maximum tension 
stress will exceed 200 Ib. per sq. in. The zero 
value of k represents the static case already 
discussed, and k = © represents the in- 
stantaneous application of pressure. This 
table clearly shows the importance of the 
rate at which the pressure is built up. 

It is true, of course, that the actual pres- 
sure in a shot hole does not increase in any 
such simple manner as that expressed by 
Eq. 2. Regardless of what form of pressure 
increase is assumed, however, the rapidits 
of increase will be important in determininy 
the fracturing radius and, since theeg 
calculations are not intended to be quanti- 
tatively accurate, Eq. 2 should be satisfac- 
tory for the present purposes. Some other 
pressure-time relation could have been 
chosen, but undoubtedly would have also 
shown the time rate to be of great impor- 
tance. However, it should be noted that no 
effect of absorption has been taken into 

* This speed is not to be confused with the 
velocity of detonation, which is a measure only 


of the rate of vertical travel of the detonation 
wave through the explosive column. 
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account in these calculations. With absorp- 
tion present, it is possible that the high- 
frequency components of the pulse may be 
attenuated so rapidly that, at points 
appreciably distant from the hole, the 
resulting stresses may be higher if a slower 
pulse is applied—that is, one with more 
low-frequency components. 


Effect of Tamping 


Perhaps the most obvious reason why 
tamping should increase the effectiveness of 
a shot is that, owing to the confining action, 
the pressure in the hole is increased. 

A second effect of tamping is the creation 
of vertical tensions, which tend to cause 
splitting along horizontal planes. If radial 
pressures are applied to the walls of a 
cylindrical hole, with no confinement 
provided at the ends of the explosive 
column, it is clear that there will be no 
vertical tensions that would tend to lift the 
overburden. However, if sufficient tamping 
be provided to transmit vertical forces to 
the walls of the hole, these vertical forces 
against the tamping column will be trans- 
mitted throughout the surrounding rocks as 
vertical tensions. An exact analytical solu- 
tion of this problem is not possible, but a 
modification of the corresponding static 
problem is treated in section 2 of the 
Appendix. The case referred to is that of 
static radial pressures applied to the walls 
of the upper half of a spherical cavity with 
zero pressures on the lower half. The result- 
ing stress distribution superposed on that 
for the simple cylindrical case can be 
thought of as applying to a tamped shot. 
This representation, admittedly idealized, 
presupposes perfect tamping, or that the 
hole above the explosive has been replaced 
with the original undisturbed rock. Open 
hole below the shot is roughly taken care of 
by assuming zero pressure on the lower half 
of the cavity. Obviously, any actual tamp- 
ing will be less effective than has been 
assumed, so that the magnitude of the 
vertical tensions found in this manner will 
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constitute upper limits to the rigorous 


solution. The general expressions for the — 


stresses are rather complicated but, with 
the exception of the shear, reduce to simple 
forms on the horizontal plane through the 
center of the spherical cavity. It is found, 
for example, that the tension at a distance r 
from the center of the cavity, acting across 
this plane, is given by: 


T = poa®/qr? [3] 


where #9 is the pressure applied to the upper 
half of the cavity of radius a. This value 
for the tension is seen to be just one-half 
that given by Eq. 1 for the case in which the 
pressure is applied over the entire spherical 
boundary. 

The analysis has not been carried out for 
the case of a pressure pulse applied over a 
hemisphere, but we shall assume the tension 
across the horizontal plane through the 
center of the cavity to be one-half that 
given by the analysis on page 226. This 
assumption seems at least plausible if one 
considers that the static problem represents 
a limiting case of the pulse; that is, the case 
for which k = o. In this manner we shall 
be able to calculate the tendency for a 
tamped shot to create horizontal fractures. 

In order that fracturing of this type may 
take place, it is necessary that the tensional 


stress exceed the vertical compressive stress — 


due to the weight of the overburden by an 
amount equal to the tensile strength of the 
rock. Assuming an overburden pressure of 
3000 lb. per sq. in., po aS 500,000 Ib. per sq. 
in., and a cavity 8 in. in diameter, the fol- 
lowing distances, R, are found for different 
values of k, within which the resulting 
tension across the horizontal plane would 
be sufficient to cause failure: 
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Since any actual tamping would be much 


less effective than we have assumed, ten- 
sion would seem to be relatively unimpor- 
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tant in the creation of horizontal fractures, 
especially in deep wells where the over- 
burden pressure is high.* These values of R 
are much less sensitive to changes in k than 
were those given on page 219. This arises 
from the fact that the tensile stress that 
must be overcome here in order to create a 
fracture is so much larger, because of the 
overburden effect, than that needed to 
create vertical-tension fractures. As shown 
in Fig. 1, in the Appendix, the curves for 
different values of k rapidly converge as the 
stress is increased, thus leading to but a 
slow variation with k of the radius at which 
any such high stress will be attained. 


Traveling Pressure Pulse in a Cylindrical 
Hole 


Although, as mentioned, the stress dis- 
tribution due to a pressure pulse traveling 
down a cylindrical hole has not as yet been 
calculated, the nature of the resulting 
stresses may be discussed qualitatively. 
As in the static case, we should expect a 
system of compressive stresses acting 
radially and of tensions acting tangentially. 
The effect of these tensions if sufficiently 
large in magnitude would be to cause frac- 
tures along radial planes and to enlarge 
such cracks as may have been already 
present in these planes. In addition to these, 
a system of shearing stresses will be present, 
due to the finite velocity of detonation. The 
existence of these stresses is made plausible 
by considering that in the early stages of 
the detonation the radial stresses and dis- 


_ placements are greatest at points in the 
< neighborhood of the upper part of the 


explosive column. This variation in radial 
displacement with depth will give rise to 
components of shearing stress along hori- 
zontal planes. Since the resistance of rocks 


_ to shear is least along the bedding plane, 


* In principle the same calculation and con- 


- clusion will also be applicable to whatever 
effect the closure of the hole by the well bottom 


may have in inducing stresses for creating 


_ fractures. 
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these shearing stresses may be quite 
important in causing fractures. 

Another source of horizontal shearing 
stresses may lie in the lack of uniformity of 
the rock strata. If, owing to a change in 
rock type, two adjacent beds have different 
values of Young’s modulus, the one having 
the lower value will undergo the greater 
average radial displacement, and failure 
may occur along the contact. This type of 
shear will occur even when static pressures 
are applied in the hole. 

An attempt has been made to solve the 
problem, of a pressure pulse in an infinite 
cylindrical hole for the case in which the 
applied pressure is a function of time only 
and not of the depth. Although the problem 
was not solved completely and no numeri- 
cal calculations have been carried out, it 
appears that, for comparatively large dis- 
tances from the hole, the maximum stresses 
will decrease as 1/+/r. For the analogous 
static case the stresses decrease as 1/7?. 


Comparison of Solid and Liquid Stemming 


In the foregoing discussions, two effects 
of tamping have been mentioned: (1) the 
creation of vertical forces tending to cause 
splitting in horizontal planes and (2) the 
increase in gas pressure resulting simply 
from the additional confinement provided 
by the stemming. It is clear that all of these 
effects will be increased by decreasing the 
mobility of the stemming. 

Two factors tend to prevent the stem- 
ming from being pushed up the hole by the 
explosion. One of these is inertia. However, 
since the mass density of unconsolidated 
sand is not appreciably greater than that of 
water, one should expect fluid stemming to 
be nearly as satisfactory as sand if the 
forces of inertia alone are involved. On the 
other hand, there will be a superiority of 
sand over fluid stemming because of the 
greater frictional coupling with the walls of 
the hole and the accompanying wedging 
effect in connection with the former. Thus 
it is a common occurrence for solid material 
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to form a bridge in a hole, whereas that 
would be impossible in a liquid except in 
tubes of capillary diameter. The resulting 
limitation in volume in which the gases 
may expand will thus increase the maxi- 
mum pressure developed. 


Effect of Overburden on Creation of 
Vertical Fractures 


In the discussion of the development of 
vertical fractures, no consideration was 
given to the initial stresses due to the over- 
burden. For rocks of density 2.3, there will 
be a compressive stress acting vertically of 
1 lb. per sq. in. per foot of depth. As previ- 
ously stated, this compression will tend to 
prevent the shot from causing horizontal 
fractures by lifting the overburden. In 
addition to this vertical stress, it is possible 
for the overburden to create horizontal 
compressive stresses. The magnitude of this 
stress will depend upon the lateral displace- 
ment permitted, and, of course, upon local 
structural conditions. For a medium having 
a value of 0.25 for Poisson’s ratio (an aver- 
age for such rocks as have been measured), 
it can be shown that the horizontal com- 
pressive stress due to the overburden will 
be one-third the vertical stress provided 
that no lateral displacements are allowed. 
Actually, because of the presence of vertical 
cracks, the horizontal stress may be con- 
siderably less than one-third the vertical 
stress, and whatever effect it may have will 
be to decrease the effect of the tangential 
tensions, resulting from the shot, in causing 
vertical fractures. 


DAMAGE TO CASING 


With regard to this phase of the problem, 
the quantitative theoretical attack seems to 
offer even less promise than it did in dis- 
cussing the effect of the shot on the sur- 
rounding rock. Probably the most that can 
be done is to formulate a qualitative theory 
by which the observed facts can be 
correlated. 
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The few data available concerning casing 
failure show that quite frequently failure in 
the pipe occurs several hundred feet up the 
hole from the shot. Fluid levels are not 
always given, but statements in the litera- 
ture seem to indicate that failure commonly 
occurs near the fluid level. 

Energy can be transmitted from the shot 
to the pipe through two channels: (1) 
through the rock surrounding the pipe, and 


(2) through the fluid within the pipe. Since 


disturbances in the rock will be attenuated 
rapidly, it would be difficult to explain, in 
this manner, casing failures several hundred 
feet above the shot. Moreover, if damage to 
casing were effected by forces transmitted 
through the rock, stemming would not offer 
any protection to the casing except for the 
increased resistance to collapse in the part 
of the casing that is filled by the stemming. 
On the other hand, most of the energy 
imparted by the shot to a fluid column will 
remain concentrated in the fluid and not 
spread out in the surrounding rock. It is 
difficult in general to transfer energy from 
one medium to another when the two media 
have greatly different elastic properties, 
and in this case energy would have to be 
transferred from the fluid to the pipe, and 
then to the rocks in order to dissipate the 
disturbance before it reaches the top of the 
fluid. These considerations make it seem at 
least plausible that the fluid column may be 
able to carry energy for comparatively lon 
distances. 
Upon detonation of the shot, the fluid at 
the bottom of the pipe will be compressed 
and a compression wave will travel upward 
through the fluid. As this disturbance 
passes a given point in the pipe, a radial 
force will be exerted upon the pipe. Also, 
since at any given time this radial force will 
vary from point to point along the pipe, 
shearing stresses will be set up perpendicu- 
lar to the pipe’s axis. Since the pipe will not 
be subjected to outward radial pressure 
above the fluid level, the axial variation of 
the radial pressure, and hence the resulting 
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shearing stresses, will be greatest in the 
neighborhood of the fluid level. It is there- 
fore not unreasonable to expect more fre- 
quent casing failures at the fluid level, in 
liquid tamped shots, than elsewhere along 
the string. 

Another possible reason for a higher 
concentration of the stresses at the fluid 
level than elsewhere lies in the reflection at 
the fluid level of the longitudinal compres- 
sional wave rising in the liquid column. 
Such a reflection will lead to a doubling of 
the amplitudes of the disturbance, and 
hence will accentuate the displacements 
and stresses in the flow string opposite the 
fluid level. However, as the interaction 
between the flow string and the longi- 
tudinal displacements in the fluid column 
are due only to frictional coupling, it is 
questionable whether high enough stresses 
could be transferred in this manner to the 
casing to cause failure. 

A consideration of energy relations also 
furnishes a reasonable explanation of the 
observed superiority of solid over liquid 
stemming as a means of preventing damage 
to casing. If the hole above the shot is filled 
with liquid only, the energy will be trans- 
mitted through the fluid with little absorp- 
tion until it is transferred to the pipe at the 
top of the fluid column. On the other hand, 
a solid stemming material such as sand is 


_ capable of permanently absorbing more 


energy than a fluid, and hence of preventing 
this energy from reaching the pipe. Al- 
though these theories cannot be supported 
by calculation, they do explain the effec- 
_ tiveness of solid stemming and also the fact 
that casing failures frequently occur at the 
fluid level. 


CONCLUSIONS AND SUGGESTIONS FOR 
FURTHER STUDY 


Owing to the inherent complexity of the 
problem, and to the consequent analytical 
difficulties, it has not been possible to take 
into account all of the factors involved in 
the problem of well shooting, and to discuss 
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quantitatively the sequence of events fol- 
lowing the detonation of a shot. By the 
introduction of certain simplifying assump- 
tions, however, numerical values have been 
obtained, which should give some idea as to 
the magnitude of the effects to be expected. 
One can, for example, discuss the manner in 
which the fracturing radius varies with the 


‘quantity of explosive. If it is assumed that 


the maximum pressure in the hole varies 
directly with the concentration of explosive, 
it is found that for static pressures in the 
cases of cylindrical and spherical cavities, 
the fracturing radius varies respectively as 
the square root and cube root of the size of 
charge. If one takes into account the time 
rate at which pressure is applied, it is found 
that for the spherical cavity the fracturing 
radius varies approximately with the first 
power of the size of charge. 

Another fact brought out by the numeri- 
cal calculations is that tamping is ineffec- 
tive in the creation of horizontal fractures 
by lifting the overburden. It appears, how- 
ever, that aside from its function of serving 
as protection to casing, tamping may 
increase the horizontal shearing stresses 
and thereby increase the fracturing effect 
of a shot. Calculations also show that the 
time rate at which pressures build up is 
very important, but it is not advisable to go 
to the extreme in the matter of detonation 
speeds because of the increasing effects of 
local shattering that undoubtedly will ac- 
company the higher speeds of detonation, 
and the effect of high-frequency attenua- 
tion mentioned on page 220. 

Some of the qualitative ideas offered here 
suggest subjects for field experimentation. 
In the shooting of wells, only a few factors 
are subject to control. The kind and quan- 
tity of stemming, the quantity, nature, and 
distribution of explosive, and the amount 
of open hole between the top of the shot 
and the casing seat can be varied. Beyond 
this, not much can be done. If the primary 
consideration is to prevent energy from 
reaching the fluid column in the pipe, the 
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stemming should be comparatively rigid 
and capable of transmitting energy away 
from the fluid column to the walls of the 
hole. In this respect a fluid would be poorest 
and a solid cement plug best. If setting a 
cement plug is not feasible, a variety of 
solid materials such as sand, gravel, and 
crushed stone might be used. It seems fairly 
clear that the frictional coupling with the 
walls of the hole, and therefore the wedging 
effect, would be greater if the stemming 
consisted of sharp angular particles rather 
than smooth gravels. Probably the best 
stemming from this point of view would 
consist of an aggregate of angular particles 
ranging in size from sand to pieces as large 
as could be cleaned out with a sand pump. 
Some investigations could be made in the 
course of routine well shooting to determine 
the relative efficiency of different types of 
stemming and also the minimum amount of 
stemming that should be used. 

An experimental program to determine 
the effect of the quantity, nature, and 
distribution of explosive would necessarily 
be more elaborate than that for the investi- 
gation of the effect of stemming. Increase in 
productivity factor resulting from a shot 
could be taken as a measure of the effective- 
ness of the shot, and, owing to the variation 
in conditions among wells, any definite 
conclusions could be arrived at only by a 
statistical study of the results of a fairly 
large number of cases. Such experiments 
should, of course, be carried on in a field 
where conditions vary as little as possible 
between wells. 

With regard to the determination of the 
amount of explosive required to produce 
the desired effect, it does not appear that 
any substantial improvement can be made 
on the method now in use; that is, simple 
trial and error. It is possible, of course, to 
measure the enlargement of the hole result- 
ing from a shot. One method® consists in 
shoveling a solid material, such as crushed 
stone, into the hole. The hole diameter can 
then be calculated from the volume of 
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crushed stone required to raise the level of 
the stone in the hole by a specified amount. 
A more recent method’ employs an instru- 
ment, which is lowered into the hole and 
gives direct readings of hole diameter. Such 
measurements, however, would not give 
direct information regarding the creation of 
fractures. The principal objective in shoot- 
ing a well is the fracturing of rocks out toa 
considerable distance rather than pulver- 
ization in the immediate vicinity of the 
hole. The relationship between these two 
effects is not at all obvious, and it is 
conceivable that doubling the size of a shot 
might increase the pulverizing effect in a 
higher ratio than it would the radius of 
fracture. For this reason, it would seem that 
the mere enlargement of the hole might not 
necessarily constitute a sufficient descrip- 
tion of the effectiveness of the shot, al- 
though this type of information would be a 
valuable supplement to data on the actual 
fracturing effects. 

The situation is similar with regard to 
the question of determining the maximum 
pressures created by the explosion. While a 
knowledge of these pressures would not in 
itself make possible a quantitative predic- 
tion of the actual fracturing to be expected 
under different conditions of shooting, it 
may be useful as a correlating guide in the 
interpretation of the observed effects result- 
ing from the various shooting experiments. 

Experiments could also be performed to 
give information regarding the effect of the 
distribution of the shot in the hole. Thus it 
is quite possible that when a thick pay zone 
is to be shot, the quantity of explosive 
required to produce a given effect might be 
reduced by separating the charge into two 
or more parts. Such a procedure might 
perhaps complicate the shooting problem 
to the extent that in order to achieve the 
desired results it would be more economical 
to increase the amount of explosive and 
place it in a continuous column. If on this 
account it should not be feasible to divide 
the charge, a given number of quarts can be 
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placed in small-shells throughout the entire 
pay section or in large shells over a part of 
the pay. Experience seems to indicate that 
the latter practice is preferable. Granting 
this to be true, there remains the question 
as to whether the charge should be placed 
at the top, bottom, or middle of the pay. 

A related question concerns the compari- 
son between the effectiveness of a single 
large shot and a number of separate smaller 
shots. This, too, could be studied by direct 
field experiments. 

If an experimental program to investi- 
gate this problem should be inaugurated, 
careful and complete records of each shot 
should -be taken. Such records should 
include, of course, dimensions of hole, 
quantity and distribution of explosive, kind 
and quantity of stemming, and casing 
program. Also, in order to compare the 
effectiveness of different tests, the produc- 
tivity factor should be measured before and 
after shooting but before acidization. The 
height of the fluid column would also be 
important. 

It is to be understood, of course, that no 
rigid program can be outlined in advance 
for such experimental work. The experi- 
ments themselves, as they are performed, 
undoubtedly will indicate the way in which 
additional information could be most effec- 
tively acquired. However, some such field 
experiments as suggested above will be 
necessary to supplement the qualitative 
physical pictures developed here, before it 
will be possible to achieve any scientific 
control over the well-shooting process. 
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APPENDIX 


Section 1 


In the text it was emphasized that the time 
rate of pressure build-up was of considerable 
importance in determining the magnitude of 
the resulting stresses. The analytical basis for 
these statements and for the numerical values 
given is presented in the following paragraphs. 

Specifically, the problem considered here is 
that of finding the stress distribution in an 
infinite medium resulting from the application 
of a radial pressure to the boundary of a 
spherical cavity within the medium. The pres- 
sure is given as a function of time but at any 
specified instant is uniform over the boundary. 
In particular, the boundary pressure, P, will be 
takenyas’ P — jo for 7#<10,,and P’—-P@)r for 
t>o. The application of pressure to the 
boundary will initiate a disturbance, which will 
travel radially outward at a velocity character- 
istic of the medium. Because of the symmetry 
of the boundary pressure, the disturbance will 
be one of pure dilatation with only radial dis- 
placements, so that the shearing stresses 
vanish.* 

If polar coordinates with origin at the center 
of the cavity are adopted, the dilatation A is 
described by the differential equation: 
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where » is the longitudinal wave velocity of the 
medium. Relations between the dilatation, 
radial stress S, tangential stress T, and radial 
displacement U are given by the equations: 
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3 
T=dA+ au [2] 


where \ and yp are the Lamé constants. 
Suitable solutions of Eqs. 1 and 2 are given 
by: 


I 
A= Fy [3] 


* A similar problem has been solved in a 
somewhat different manner by K. Kawasumi 
and R. Yosiyama.!° 
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and 


10. 
U= “ar ae [4] 
where F is any function of r-a-vt. The radial 


stress S will then be given by: 
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When r = a, S becomes equal to the boundary 
pressure P(t) and Eq. 5 becomes a differential 
equation, which may be used to determine 
F(i). 

Omitting the details of this step, it is easily 
verified that if F is taken as: 
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where J = (A+ 2u)/u and —vt’ = r-a-vt, the 
right member of Eq. 5 reduces to the Fourier 
integral for P(t) when r = a. For r > a, S and 
T may be calculated from Eqs. 2. The second 
integral in Eq. 6 is discontinuous and for 
a >t, it is identically zero. If the integration 
with respect to w is carried out, F reduces to: 
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Since by definition P(a) = 0 for a < o, F will 
vanish for ¢’ < 0; that is, for r — a > vt. This 
means that the front of the disturbance is 
propagated radially with the velocity ». The 
time elapsed after the arrival of the front of 
the disturbance at any point 7 is given by 
t— (r — a)/v = #. If P(a) is given as a pulse 
so that P =o for values of @ greater than, 
say, r, the upper limit of integration in Eq. 7 
becomes r, if t’ > 7; that is, if¢ — +r > (r — a)/v. 
Under these conditions, the value of F repre- 
sents the “tail” of the disturbance. 
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Applying this analysis to the special case in 
which the boundary pressure is given by:* 


P =ofort<o 


8 
P = P,(e*t — 1) fort > o [8] 


the corresponding F, as calculated from Eq. 7, 
is found to be: 
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for ¢>(r —a)/v. For t<(r—a)/v, F is 
identically zero. It should be noted that F and 
its derivatives are functions only of the time 
elapsed after the arrival of the disturbance. 
The expressions for the stresses S and T will 
therefore each contain a term that decreases 
as 1/r rather than 1/r’, which alone occurs in 
the static case. The value of r at which these 
terms begin to become important will in general 
depend upon k. 


By assigning numerical values to the con- . 


stants in the resulting expressions for S and T, 
the stresses, as functions of ¢’, were calculated 
for a number of values of 7. For each value 
of 7, the maximum stresses were determined 
graphically. Curves showing the maximum 
stresses as functions of 7 are plotted in Fig. 1. 
The numerical values of the constants were: 
v-= 10,000 ft. per sec. and J = 3. This value 
of J corresponds to a Poisson’s ratio of 0.25. 
Calculations were made for k = 2 X 1o4 and 
k = ©. For purposes of comparison, the 
stresses due to a static boundary pressure are 
also plotted. 


Section 2 


A problem, which arose in connection with 
the discussion of the effect of tamping in the 
creation of horizontal fractures, is that of 
finding the stress distribution in an infinite 
medium due to the application of static forces 
to the walls of a spherical cavity within the 
medium. The solution of this problem is given 
below. In particular, it will be assumed that a 

* Although this value of P will not give convergence 
when used in a Fourier integral, the integral of Eq. 7 


does converge. If P is taken as Poe~t(e“kt — 1), and 


the limit taken as ¢ approaches zero, this difficulty 
is avoided. 
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uniform radial pressure is exerted over one-half 
of the spherical boundary and that the pressure 
on the other half of the boundary is zero. 

It is convenient to choose polar coordinates, 
r, 0, and ®, with the origin at the center of the 
cavity, and to apply pressure over that part 
of the boundary included between 6 = o and 

= 1/2. Obviously all stresses and displace- 
ments will then be independent of &. For such 
a system the differential equations of equi- 
librium are: 
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where U and V denote the displacements in the 
y and @ directions respectively, and A repre- 
sents the dilatation. The relation between A, 
U, and V is abe by: 


PAsin@ = — < (ru sin 6) ae =v sin 6). [3] 


The stresses in terms of A, U, and V are 
given by: 
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_ where o;, og, and os, denote the components of . 


compression or tension, and 7;@ the shearing 
stress. 

If the radius of the spherical ‘cavity be taken 
as unity, the boundary conditions require that: 


c Tv 
tr6 = Oforr =1; o = pforr =1, o<0<"; 


6, = o10r7 = hs <0<-7 [5] 
where p is the unit stress applied in the cavity. 
The fact that the cavity was assumed to have 
unit radius results in no loss of generality since 
by substituting 7/a for 7 in the final expressions 
for the stresses, one obtains the stress distribu- 
tion around a cavity of radius a. 

The method of obtaining solutions for Eqs. 1, 
2 and 3 satisfying the boundary conditions 
implied in Eqs. 4 and 5 is straightforward and 
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the details will not be given here. U, V, and A 
are found to be given as series in powers of 1/r 
and Legendre polynomials P,,, in cos 6, and the 
coefficients in these series are determined from 
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FIG. 1.— STRESS DISTRIBUTION IN AN INFINITE 
MEDIUM RESULTING FROM THE APPLICATION OF 
A VARYING PRESSURE P = Po(e*! — 1) TO THE 
WALLS OF A SPHERICAL CAVITY OF RADIUS a... 

cr and og represent the maximum values 
attained by the radial and tangential stresses, 
respectively. 

r = distance from the center of the cavity. 

The two lower curves, for = ~, represent 
the case where a static pressure Po is applied 
in the cavity. 

Longitudinal wave velocity = 10,000 ft. per 
second. 


the Legendre expansion of the boundary stress. 
The resulting expressions for the stresses are: 
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and E, = o for n even and > o. 

These expressions for the stresses are rather 
complicated but with the exception of 7,9 
reduce to very simple formulas for the special 
case of 6 = 7/2. Since the E, are zero for all 
even values of ” except zero, the expressions 
for the stresses will contain, except for n = 0, 
only odd terms. For odd values of n, Pa, and 


cot @ 


for oddn 


a vanish at @ = 7/2. Therefore, at 


6 = 7/2, the stresses reduce to: 


or = p/ar’; 


09 =o, = —p/4r*® = [6] 
tro does not reduce to such a simple form but 
for 6 = 1/2 is given by: 
0.017 


ra = | - 
+25 ++-+ | [7] 


It can be shown that 7,9 > 0 as r > 1 for all 
values of @ except 6 = 1/2. For 6 = 1/2, the 
limit approached by 7,0/p is approximately 0.3. 

Eq. 6 forms the analytical basis for the dis- 
cussion of the effect of tamping beginning on 
page 220. 
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G. C. MacDonatp,* Tulsa, Okla.—The- 


paper by Evinger and Muskat is self-limiting 
to a consideration of the fracturing of sub- 
surface strata and possible damage to casing, 
but these two subjects embrace nearly all of 
the beneficial and detrimental results of oil-well 
shooting. In discussing the explosion process, 
the idea is advanced that the first application 
of pressure to the walls of the hole is the result 
of the decomposition of the explosive because 
the velocity of detonation will be greater than 
the velocity of pressure equalization of the end 
products of explosion or the velocity of pressure 
wave through the surrounding fluid. It is true 
that the wave of detonation will travel from 
one end to the other of a t1oo-ft. column of 
nitroglycerin in a very short time, probably 
4 00 of asecond. However, if both the explosive 
and the surrounding fluid are vaporized at 
least momentarily immediately behind the 
detonation front, a tremendous pressure is 
generated. Whether or not this pressure 
build-up will lag behind or precede the detona- 
tion front is rather important. If the statement 
made in the paper is true, that this pressure 
build-up will lag behind the detonation front 
and hence each increment of explosive will 
decompose under conditions identical with 
those under which the next increment above 
decomposed, the shattering action of the 
explosive should be uniform over the entire 
length of the explosive column. However, if 
the pressure build-up does precede the detona- 
tion front, each increment of explosive will fire 
under a higher temperature and pressure than 
the next preceding increment. Under this latter 
condition, it would be reasonable to expect the 
greatest consequences of the shot to occur 
at the bottom of the hole. 

The development of a pear-shaped shot hole 
by a solid-stemmed nitroglycerin shot has been 
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accepted as a fact by many authorities. 
Experience in dumping solid explosive in old 
shot holes and observation of clean-out activ- 
ities following solid stemmed shots has thor- 
oughly convinced me that a pear-shaped shot 
hole is formed under a solid stemmed shot. 
This leads to the logical conclusion that the 
action of the explosive is not uniform over the 
entire length of the explosive column and that, 
therefore, there may be some change in the 
conditions of temperature and pressure under 
which the lower portion of the explosive column 
fires. It would appear reasonable to assume a 
greater shattering action from a unit quantity 
of explosive detonating in a condition of 
previously imposed high pressure. 

If the cause of the pear-shaped hole could be 
determined, possibly steps could be taken to 
eliminate it. Usually water is an ever present 
hazard in the lower portion of a producing 
structure and the deliverance of the maximum 
shattering effect of the shot in the lower portion 
of the borehole may shoot the well into water. 
If the maximum effect of the shot could be 
removed from the lower portion of the borehole 
and directed against the objective beds, a long 
step forward in shot design would be effected. 
In searching for the cause of these shot phe- 
nomena, it should be borne in mind that nearly 
always the explosion is initiated at the top of 
the explosive column, hence the maximum shot 
effect occurs at the opposite end of the column, 
or in the direction of detonation travel. If the 
shot were placed some distance below the 
casing shoe, and if it could be confined suffi- 
ciently, possibly the bomb might be placed 
at the bottom of the explosive column, but 
the consequences of directing the added 
energy toward the casing shoe are not partic- 
ularly attractive. 

In considering the pressure in the borehole 
developed by the explosive, it is true, as stated 
in the paper, that it is almost impossible to 
confine gases under any such pressure as 
1,000,000 lb. per sq. in., but again the element 
of time influences and qualifies this concept. 
The gaseous end products of explosion and the 
vaporized fluid in the borehole will exhibit a 
sensible inertia, and until those gases are 
accelerated and started out into the confining 
rock, an astronomical pressure may in fact exist 
momentarily. The gases are in the borehole 
and their presence generates pressure, no 
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reduction in pressure will occur until they have 
left the borehole; before they can get away the 
inertia of the gas and the fluid in the rock 
pores that the gas will subsequently occupy 
must be overcome. Each unit volume of 
nitroglycerin will generate 749 times its own 
volume of permanent gases on decomposition, 
and when these permanent gases are added to 
the vapors of the surrounding fluid and all 
elevated to some 3000°C., a considerable 
volume of fluid must be removed from the rock 
pores to accommodate these dispersing gases. 
Even though the time required to accelerate 
this material may be small, still, until it is 
accomplished, the pressure is there. 

Each shot placed involves a decision as to 
the type of explosive to be used, the quantity 
of explosive, the size of the shells, and whether 
the shot is to be solid-stemmed or liquid- 
stemmed. At times there are few real data 
upon which to make a decision and it is difficult 
to justify a position assumed. In the choice of 
explosive, the roo per cent gelatin offers such 
obvious advantages of safety in handling that 
it is high in favor. It may or may not be adapted 
to the particular formational conditions 
assumed to exist in the well to be shot, but 
until the action of explosive on the rock and the 
reaction of the rock to the explosive are better 
understood a truly satisfactory selection of 
explosive cannot be made. Muskat and Evinger 
have made a real contribution to the fund of 
knowledge on this important subject. They 
have shown that because of the importance of 
the time rate at which the pressure is applied, 
the explosive that develops its maximum 
pressure in the shortest time will be productive 
of the greatest fracturing action in the con- 
fining rock. The day when explosive may be 
selected on a sound basis has been brought 
substantially closer. 

The quantity of explosive and the size of the 
shells are interrelated and admit of much less 
variation today than was possible a few years 
ago. The current practice of running small- 
diameter casing, with the resultant small- 
diameter borehole through the objective beds, 
does not permit a great deal of latitude in the 
selection of shell sizes. If the explosive is to be 
confined to the portion of the hole opposite the 
objective beds, a further limitation on shot 
design is imposed. The authors have shown 
that in a spherical cavity the fracturing radius 
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varies as the cube root of the size of the charge 
for static pressure conditions and as the first 
power of the size of the charge when the time 
rate at which the pressure is applied is con- 
sidered. This is a very important and funda- 
mental consideration; it means that increasing 
the shell size from 3 in. to 444 in. should result 
in an approximate doubling of the fracturing 
radius of the shot; it does not mean that two 
3-in. shells placed one on top the other will be 
any more effective than one. 

The question of whether to solid-stem or 
fluid-stem a shot is constantly recurring. The 
technicians of the explosive companies have 
probably been as instrumental as anyone in 
the relatively recent acceptance by the oil 
industry of solid stemming. Experience in 
mine and quarry blasting provided a sound 
basis for their advocacy of this practice, and 
while it often meant that less explosive would 
be used in a given shot, at the same time it 
provided a means by which other wells could 
be safely shot, whereas without solid stemming 
certain disaster to the casing would result. 
Solid stemming itself is not unduly expensive, 
but the expense of removing it following shot 
detonation may be high. A fluid-stemmed shot 
could conceivably allow the hole to unload and 
clean itself upon shot detonation, so that the 
well could almost immediately be placed on 
production, but removal of solid stemming 
may be both expensive and hazardous. If 
every well could be safely and effectively shot 
with fluid stemming, the additional explosive 
necessary to develop a comparable shot effec- 
tiveness would be a reasonable investment, but 
at least two mechanical considerations trans- 
cend the economic viewpoint. Often in the 
Mid-Continent area the top of the shot must be 
so close to the casing shoe that damage to 
that shoe would surely result upon detonation 
of a fluid-stemmed shot. Sizable shots 3 and 
4 ft. below the shoe are not uncommon today 
and this, of course, would be impossible 
without solid stemming. The second mechani- 
cal consideration is that of a rock so elastic or 
tough that a fluid-stemmed shot would be 
ineffective in developing desirable fractures; 
this condition, too, would indicate a solid- 
stemmed shot. If the beneficial results of the 
shot could not be expected to pay out the 
increased cost of the solid stemming under 


these two conditions, the shoe should be aban- 
doned, not fluid-stemmed. ; 

If solid stemming is indicated, the quantity 
and type of material to be used merits careful 
consideration. A high degree of frictional 
coupling of the stemming material with the 
confining walls is desirable in the open hole but 
might impose concentrated stresses in the pipe 
if it were to be developed in the casing. Pea 
gravel is a good medium inside the case because 
it should not develop an excessive degree of 
frictional coupling, but it is difficult to place 
without bridging and hazardous to remove. 
Recently gypsum cement has gained wide favor 
as a solid-stemming material, its preference over 
Portland cement resulting solely from its greater 
rapidity of set and rate of strength gain. Under 
comparable conditions, it will develop in from 
3 to 4 hr. the compressive strength that for 
Portland cement requires 24 hr. It is much 
safer to remove with a sand pump than is pea 
gravel, because the possibility of sticking the 
pump is much less. 

The quantity of solid-stemming material to 
be used has been the subject of much discussion 
and controversy. Various attempts have been 
made to develop an empirical method of deter- 
mining it, based primarily on the quantity of 
explosive used, but have not been successful 
because quantity of explosive plays a relatively 
minor part in the design of a solid-stemming 
structure. It is fairly obvious that if the shot 
is to be confined the stemming must present a 
greater resistance to impact than the objective 
beds; the shot energy is dissipated through 
the channel of least resistance and if that 
channel is the solid stemming the shot will not 
be confined. However, if the objective beds 
offer the least resistance to failure, the shot will 
be confined. It is fairly obvious that the rela- 
tive resistance to impact failure presented by 
the solid stemming and the objective beds is not 
primarily a function of the quantity of explosive 
used. Solid stemming over a given shot opposite 
certain sands has completely confined that shot, 
whereas the same solid structure over an 
identical shot in a tough dolomite has allowed 
the fluid in the casing above that structure 
to play an unbroken stream over the crown 
blocks for several minutes. Solid stemming 
design should be predicated primarily on the 
character of the objective beds and only 
secondarily upon quartage of explosive. 
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DISCUSSION 


Fortunately, in a given field most wells 
produce from the same rock and it is possible to 
determine quickly the quantity and type of 
solid stemming necessary to completely confine 
a nitroglycerin shot opposite a producing sec- 
tion. Careful observation of the action of the 
fluid in the casing upon detonation of each shot, 
and an exact record of the quantity and position 
of all material in the hole, will soon develop the 
background needed for a satisfactory working 
basis of stemming design. Complete confine- 
ment may not always be advisable; if increased 
explosive efficiency is the object of stemming, a 
relatively small amount of stemming may suf- 
fice, but if casing protection is the objective the 
ends will be much better served by striving for 
complete confinement. The energy necessary 


~ to accelerate whatever material is in the hole 


above the shot is a measure of the magnitude 


of the blow directed against the objective beds, 


and the force necessary to start in upward 
movement even a small amount of material is 
considerable. Everyone is familiar with the 
consequences of firing a shotgun with even the 


slightest obstruction in the barrel, and this 


- condition is analogous to oil-well shooting. 
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The inability to observe first hand the results 
of the application of nitroglycerin on the con- 
fining rock in the borehole necessitates an 
analytical approach to the problem of shooting. 
After a well has been shot in a given manner, it 
is almost futile to try to say what the conse- 
quences might have been if the well had been 
shot in some other manner. An experimental 
field shooting program such as has been sug- 
gested might be valuable if large contiguous 
holdings made possible sufficient shots to 
establish at least mode results, if mean results 
could not submerge occasional inconsistencies. 
However, no two wells ever were drilled into a 
given rock of identical characteristics, in a given 
manner and under identical conditions. For the 
present it would appear that the greatest possi- 
bility of advancement lies in the field of analyt- 
ical investigation of the caliber presented by the 
authors of the paper under discussion. It may 
be that at some time in the future a field condi- 
tion could be developed that would lend itself 
to an experimental field shooting program and 
under those conditions the program might be 
entered into with some assurance of beneficial 
results. 


Effects of Pressure and Temperature on Condensation of 
Distillate from Natural Gas 


By Stuart E. Buckiey* anp J. H. Licutroor,* Juntron Mempers A.I.M.E. 


(Tulsa Meeting, October 1940) 


Deep drilling has led to the development 
of numerous pools which yield products 
consisting predominantly of natural gas 
accompanied by high-gravity water-white 
or slightly straw-colored liquid. Yields of 
this ‘‘condensate”’ or “‘distillate,”’ as it is 
commonly called, vary from traces to over 
a hundred barrels per million cubic feet of 
gas. The fact that this liquid exists in the 
reservoir as an integral part of the gas 
phase and is formed by condensation 
attending simultaneous reduction of pres- 
sure and temperature after its entry into 
the well was apparently first recognized 
about 1932.1 The nature of the physical 
phenomena involved in this condensation 
was clarified for the petroleum industry in 
1933 by a report by Sage, Schaafsma, and 
Lacey” of the results of an experimental 
investigation of the behavior of mixtures 
of methane and propane. 

Search of the literature has revealed that 
the condensation of liquid from gaseous 
mixtures by isothermal pressure reduction 
is not a new discovery. Kuenen was led 
by theoretical considerations to expect such 
a phenomenon, and in 1892 reported’ the 
results of experimental verification of his 
deductions. This was followed by a con- 
siderable amount of work on the phase re- 
lations of mixtures by Kuenen*®® and by 
others,’”® mostly in European universities. 
Since 1930 investigators in this country 
have reported experimental data on the 


Manuscript received at the office of the Institute 
Oct. 24, 1940. Issued as T.P. 1269 in PETROLEUM 
TECHNOLOGY, January ro4r. 

* Humble Oil & Refining Co., Houston, Texas. 

1 References are at the end of the paper. 
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properties and behavior of a number of 
hydrocarbon systems.*17 

It is now generally known that in the 
presence of natural gas the solubility in 
the gas phase of the heavier and normally 
liquid hydrocarbons increases rapidly with 
increasing pressure above 500 to 1000 Ib. 
per sq. in. Thus, at pressures of 2500 lb. 
per sq. in. or higher a gas may contain 
appreciable quantities of hydrocarbons 
with normal boiling points as high as 
600°F., which in turn may be condensed 
from the gas phase by the reduction of their 
solubility therein attending pressure reduc- 
tion. The combined effects of pressure and 
temperature on condensation and vaporiza- 
tion of mixtures are most readily visualized 
by the study of phase diagrams. Since the 
construction, application, and interpreta- 
tion of such diagrams have been described 
fully in readily available literature,18-*° this 
paper will not review the theoretical aspects 
of this subject. 

While the behavior of gas-distillate sys- 
tems is now clearly understood, at least 
in a qualitative way, most of the published 
work deals with the results of laboratory 
studies of binary systems or of synthetic 
mixtures of hydrocarbons, and although 
several systematic investigations of the 
effects of separator pressure and tempera- 
ture on the yields of liquid product from 
gas-distillate wells have been made?.2? it 
appears that in all cases the limitations 
have precluded the construction of even 
approximately complete phase diagrams 
for naturally occurring systems. There has 
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been a tendency, therefore, for investiga- 
tors to interpret their observations in 
relation to oversimplified phase diagrams 
of simple mixtures and to fail to appreciate 
fully some of the implications involved in 
dealing with the complex mixtures that 
issue from gas-distillate reservoirs. 

With the object of obtaining quantitative 
information on the limitations attending 
the recovery of distillate from natural gas 
by the control of the temperature and 
pressure of separation, a pilot plant was 
built and operated some years ago to 

-process over a pressure range of o to 
2000 |b. per sq. in. at temperatures of — 40° 
to +80°F. about 500 M cu. ft. of gas per 
day taken directly from the tubing of a 
-gas-distillate well producing from the gas 
cap of a 6000-ft. oil field. Liquid and gas 
volumes were measured, samples taken 
for hydrocarbon analysis, and the gasoline 
content of the residue gas determined by 
_ charcoal adsorption. The information ob- 
tained with this plant showed clearly that 
the material produced from the well 
- existed in the reservoir wholly as gas. In 
order that similar investigations might be 
made in other fields and information be 
obtained which might eventually permit 
calculation of the behavior of such systems 
from a limited amount of experimental 
data, a portable plant was built, retaining 
the same operating principles as the original 
pilot plant, but improved in construction 
and in control facilities. This paper de- 
scribes the operation of this experimental 
plant and the results obtained on a typ- 
ical gas-distillate well producing from 
approximately 10,000 ft. The results are 
interpreted in the light of similar data 
obtained in other fields. 


CONSTRUCTION AND OPERATION OF 
EXPERIMENTAL EQUIPMENT 


The method used in these investigations 
consisted of sampling through a small tube 
an aliquot portion of the material produced 
from a well, passing the gas and any con- 
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densed hydrocarbons into a separation 
chamber maintained at controlled temper- 
ature and pressure, measuring the resultant 
liquid and gas volumes, and removing 
samples of both liquid and gas for hydro- 
carbon analysis. 


Sampling Connections 


The sampling connections consisted of 
a straight section of stainless-steel tubing, 
usually 14 in. o.d., with the lower end 
honed to a long taper terminating in a 
razor edge. The upper end was flared to fit 
a compression fitting in a specially con- 
structed 14-in. bushing, which is screwed 
into the bull plug customarily found at the 
top of a Christmas tree. The length of 
the tube is adjusted for any particular 
well so that it ends in a straight vertical 
section below the flowline connection. In 
order to obtain a true aliquot portion of 
the well fluids, the sampling rate is adjusted 
to bear the same ratio to the total gas flow 
as the ratio of the cross-sectional area of 
the sampling tube to that of the pipe from 
which the stream is taken. Whenever pos- 
sible, the sampling rate is checked by com- 
parison of the yield obtained with the 
experimental separator and that measured 
in a full-size separator simultaneously 
processing the remainder of the production. 


Experimental Plant 


A flow diagram of the experimental 
separator assembly is shown in Fig. 1. The 
wet gas from the well passes at well-head 
pressure through an inlet scrubber of 
2\4-in. hydraulic pipe 24 in. long, for the 
separation of entrained water and con- 
densate. The bottom of the scrubber is 
equipped with a short trap of 1-in. pipe 
with connections for separate removal of 
water and of condensed hydrocarbons. 
From the top of the scrubber the gas flows 
without pressure reduction to the bottom 
of a drying chamber 2.3 by 24 in. inside, 
packed with granular calcium chloride 
held in a porous cloth sack. From the 
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drier the high-pressure gas flows counter- 
current to cold residue gas through 25 ft. 
of %-in. o.d. copper tubing coiled within 
1g-in. o.d. copper tubing enclosed within 
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open. The gas and any condensed liquid 
from the heat exchanger are continuously 
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recombined with the liquid hydrocarbons 
from the first scrubber and expanded into 
a short length of %4-in. copper tubing 
terminating in a half coil at the mid-point : 
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Fic. 1.—FLOW DIAGRAM OF EXPERIMENTAL SEPARATOR ASSEMBLY. 
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of a refrigeration chamber, into which they 
are discharged with a circular motion. The 
refrigeration chamber is 314 by 24 in. 
inside, with the upper part packed with 
shredded copper to promote coalescence 
of liquid droplets. It serves both as the 
separator for the condensed liquid and the 
residue gas and as a measuring and samp- 
ling cell. Residue gas from the refrigeration 
cell returns to the heat exchanger to pre- 
cool the incoming wet gas, whence it is 
expanded into a joint of 2-in. pipe for 
metering. In the lower part of the refriger- 
ation chamber are three drains, one at the 
bottom, and two, of 34¢-in. o.d. copper 
tubing, terminating at 2 in. and 4 in. from 
the bottom. The liquid from the refriger- 
ation cell may be expanded into a small 
separator of 214-in. pipe 15 in. long, whence 
it may be drained for measurement after 
release of the dissolved gas. 
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The heat exchanger, refrigeration cell, 
and all valves and fittings subjected to low 
temperature are made of _high-nickel, 
shock-resistant stainless steel and are 
insulated with cork coverings; other valves 
and fittings are of ordinary steel. Connect- 
ing tubing between the various vessels is 
\4-in. o.d. seamless stainless steel with 
flared ends and compression fittings. All 
units are mounted compactly within a 
single iron framework, with the pressure 
gauges, control valves, thermocouple con- 
nections, etc., mounted on a solid control 
panel at the front. Photographs of the plant 

-are shown in Fig. 2. 


Temperature, Pressure, and Volume 
Measurements 


Temperatures of the wet gas entering 
the heat exchanger, leaving the heat ex- 
changer, and entering the refrigeration cell 
after expansion; of the residue gas leaving 
the refrigeration cell and entering and leav- 

ing the heat exchanger; and of the liquid 

in the refrigeration chamber are measured 
by means of copper-constantan thermo- 
couples with the junctions inserted for 
several inches into the tubing carrying the 
flowing streams. The insulated lead wires 
were packed with Bakelite cones in com- 
pression fittings. 

The pressure in the refrigeration chamber 

is measured with a calibrated 5o00-lb. per 
sq. in. Heise steel-tube bourdon gauge with 
a 12-in. dial graduated in 1o-lb. divisions. 
Other pressures are measured with ordinary 
calibrated test gauges. 

The residue gas is metered with an orifice 
well tester screwed directly to the end of a 

joint of 2-in. pipe. To facilitate control and 
to prevent freezing and surging, the residue 
gas is sometimes passed through an auxil- 
iary length of 14-in. copper tubing prior to 
its entry into the 2-in. pipe. 

The amount of liquid condensed in the 
refrigeration chamber is determined by 
measuring with a stop watch the time re- 
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quired for the liquid level to rise from the 
middle to the top drain, the volume be- 
tween which has been determined by 
calibration. The measurement is made by 
barely opening the valve to the middle 
drain, withdrawing liquid from the bot- 
tom drain until the level is below the middle 
drain, adjusting the valve to the middle 
drain until the hiss of escaping gas is just 
distinctly audible, and then closing the 
bottom valve. When the liquid reaches the 
level of the drain, the tone of the hiss 
suddenly changes, signaling the time for 
the start of the measurement. The middle 
valve is immediately closed and the valve 
to the top drain is opened in a similar 
manner to permit a small gas leak until 
the liquid reaches this drain. These meas- 
urements are repeated until satisfactory 
checks are obtained. 


EXPERIMENTAL PROCEDURE 


Well Tests 


The well chosen for the tests described 
in this paper was producing from approxi- 
mately 10,000 ft. with a subsurface pres- 
sure of 5040 lb. per sq. in. gauge and 
reservoir temperature of 178°F. No oil has 
been found in this sand. The yield averaged 
approximately 16 bbl. per million cubic 
feet of 48° to 50°A.P.I. distillate recov- 
ered in the stock tanks after low-pres- 
sure separation. 

After preliminary experiments indicated 
that liquid was condensed in the well bore 
during flow, the well was produced through 
214-in. tubing into a calibrated full-scale 
separator at various rates, to determine 
the flow velocity required to keep the 
condensed liquids flowing continuously out 
of the well. It was found that at a rate 
above 134 to 2 million cu. ft. of gas per day 
the liquid yield in the separator was sub- 
stantially constant. Thereafter, during all 
tests with the experimental plant the well 
was produced continuously at a rate of 
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approximately 3 million cu. ft. per day 
with approximately 20,000 cu. ft. per 
day sampled. 

In order to check the sampling rate 
through the experimental plant, several 
runs were made at 125 lb. per sq. in. and 
the yield compared with that obtained by 
the full-scale separator operating at the 
same pressure. The results checked within 
the limits of reproducibility of the full-scale 
yields, approximately 5 per cent. 

During the entire series of tests the well- 
head pressure averaged 3080 Ib. per sq. in. 
gauge. At this pressure, at the average 
temperature of 82°F. in the first scrubber, 
0.3 gal. of distillate and 0.008 gal. of water 
containing 10,200 p.p.m. chloride were 
condensed per roo cu. ft. of gas. 

The gas was passed through the first 
scrubber at the tubing pressure and the 
water yield determined. Prior to each run 
the accumulated water was drained off, 
while during a run it was allowed to 
accumulate below the point of take-off of 
liquid hydrocarbons from the scrubber. 
The condensed liquid hydrocarbons by- 
passed the drier and the heat exchanger 
and were recombined with the main gas 
stream just before its expansion into the 
refrigeration separator. 

The liquid yield in the separator was 
determined at a series of pressures ranging 
from 125 to 3980 lb. per sq. in. gauge and 
temperatures from —93° to +81°F. The 
pressure was controlled by simultaneous 
adjustment of the valves regulating the 
inlet and residue gas flow, and during a 
measurement of the rate of liquid forma- 
tion was usually kept constant within 
approximately 10 to 20 lb. per sq. in. All 
temperatures below atmospheric were ob- 
tained by the cooling incident to expansion 
of the gas, augmented when necessary by 
pre-cooling the inlet gas prior to its expan- 
sion by heat exchange with the cold residue 
gas. The lowest operating temperatures 
were obtained by expanding the cold 
residue gas into the heat exchanger to 
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obtain further pre-cooling. Temperatures 
as low as —166°F. were thus obtained 


on the low-temperature side of the heat _ 


: 


exchanger. The higher temperatures were | 
obtained by eliminating the pre-cooling, — 
allowing the residue gas to by-pass the © 


heat exchanger, and expanding the inlet 
gas into an auxiliary uninsulated 5o-ft. coil 
of 3%,-in. copper tubing to permit its 


warming up to atmospheric temperature — 


prior to its entry into the separator. 
Unfortunately, no heating facilities were 


— 


available to permit tests above atmos- — 


pheric temperature. 


The residue gas leaving the refrigeration — 


chamber averaged approximately 2°F. 
higher than the inlet gas at the subatmos- 
pheric temperatures. The temperature of 
the liquid varied somewhat with its rate of 
formation and with the operating temper- 
ature, averaging approximately 5°F. higher 
than the inlet gas temperature. 

After measurement of the ‘“‘ gross” liquid 
with its dissolved gas at the temperature 
and pressure in the refrigeration cell, a 
measured quantity was flashed directly 
into narrow-mouthed quart glass bottles, 
warmed slowly and its volume and gravity 
determined. The liquid so obtained has 
been called the ‘‘net” product; it corre- 
sponds roughly to that which would be 
received in the ordinary stock tanks. 


Samples for Hydrocarbon Analysis 


Equilibrium gas and liquid samples for 
hydrocarbon analysis were taken from the 
refrigeration cell at three temperatures at 
pressures of 500, 1000, and 1500 lb. per 
sq. in. gauge. 

The condensed liquid samples were taken 
by withdrawing directly from the refriger- 
ation cell approximately 125 c.c. through 
the bottom drain into evacuated high- 
pressure sample drums of 600 c.c. capacity. 
During sampling, the liquid level in the 
separator was maintained at the middle 
drain and the quantity sampled determined 
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by the elapsed time and the previously 
determined rate of liquid formation. 

Gas samples were taken directly from the 
residue gas line immediately above the 
refrigeration cell into evacuated high- 
pressure drums of 1200 c.c. capacity. In 
addition to the samples for conventional 
hydrocarbon analysis, triplicate gas sam- 
ples were taken simultaneously through a 
common manifold into charcoal tubes. The 
charcoal was saturated to the fourth 
temperature rise** to retain the butanes 
and heavier materials. In order to prevent 
the loss of hydrocarbons condensed when 
the gas is expanded to atmospheric pres- 


sure, the gas was expanded directly into 


the bottoms of the charcoal tubes and 
metered after adsorption. The thermom- 


_ eters in the tops of the charcoal tubes were 


held in place with tight-fitting rubber stop- 
pers. It was found that the temperature 
rises were more distinct if the charcoal 
tubes were insulated and shielded from the 


wind and sun. 


ANALYTICAL TECHNIQUE 


Liquid Samples 


All liquid samples taken at conditions 
that permitted resaturation at room tem- 
perature were resaturated by injecting 


_ mercury into the sample drums and agitat- 
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ing vigorously until the pressure in the 
drum considerably exceeded the saturation 
pressure. A convenient portion of the 
resulting homogeneous liquid was then 


- charged to the fractionating column by 


mercury displacement at a pressure exceed- 


_ ing the saturation pressure. When the samp- 
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ling temperature was such that resatura- 
tion was not feasible, the pressure in the 


drum was raised to 3000 lb. per sq. in. by 
mercury injection, the drum was agitated 


and the entire contents charged to the 
fractionating column by mercury displace- 
ment at 3000 lb. per sq. inch. 

The liquid samples were charged from 


the drums through a small topping still to 


yu 
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an automatic Podbielniak column. The 
topping still was heated after charging, toa 
sufficiently high temperature to pass the 
hexanes and lighter materials to the Pod- 
bielniak column with the heavier fractions 
retained by reflux. Analyses with the low- 
temperature column were carried through 
hexane. The residual liquid in the still 
was then recombined with that-in the 
topping still and the quantity, molecular 
weight, and gravity were determined. 
Molecular weights were determined by the 
cryoscopic method, with benzene, extra- 
polating to zero concentration. 

The heptanes, octanes, and nonanes in 
the residual liquid were determined with a 
specially constructed auxiliary column 
with a 5-ft. fractionating length and heated 
air jacket, using boiling pure liquids for 
constant overhead temperatures during 
distillation. The course of the distillation 
was followed by observation of the column 
pressure, with the products collected in 
small sample tubes immersed in liquid 
nitrogen. The overhead cuts were arbi- 
trarily segregated into portions called 
heptanes, octanes, and nonanes for the 
appropriate boiling intervals. The specific 
gravity of the overhead cuts and the 
specific gravity and molecular weights of 
the residual liquid were determined. 


Gas Samples 


Gas samples were charged direct from 
the sample drums to the Podbielniak 
column by mercury displacement. Prior 
to charging, mercury was injected into 
the sample drums to raise the pressure to 
at least 2000 lb. per sq. in. above the 
sampling pressure and the contents were 
agitated to revaporize any condensate. 

The charcoal samples were analyzed by 
two methods. One of the triplicate samples 
was used for determination of the isobutane 
and heavier content and the 20-lb. Reid 
vapor-pressure gasoline by the California 
Natural Gasoline Association method.”* 
The contents of the second were analyzed 
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with the Podbielniak column. The auxiliary 
apparatus used for charging these samples 
to the fractionating column is shown in 
Fig. 3. The charcoal was placed in a round- 
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Fic. 3.—AUXILIARY APPARATUS FOR CHARG- 
ING CHARCOAL SAMPLES TO FRACTIONATING 
COLUMN. 


bottom distillation flask equipped with a 
delivery tube and a dropping funnel with a 
stopcock. After evacuation of the Podbiel- 
niak column and the auxiliary apparatus 
back to stopcock A, c.p. anhydrous glycerin 
was admitted with the dropping funnel, 
with no heat applied. The liberation of 
hydrocarbons from the charcoal with the 
glycerin was vigorous and care had to be 
taken not to add it too rapidly. Methane 
and air were carried overhead on the 
Podbielniak column during the charging 
process, but sufficient reflux was carried to 
ensure complete retention of any materials 
heavier than propane. After sufficient 
glycerin had been added and the gas 
liberation had ceased, the temperature was 
raised gradually until glycerin refluxed in 
the neck of the distillation flask and 50 c.c. 
had been carried overhead and condensed 
in trap B. The stopcock A was then 
closed and the glycerin drained from 
trap B through stopcock C. Any hydro- 
carbons in trap B were then sucked into 
the Podbielniak still by connecting stop- 
cock C directly to the inlet tube to the still. 


| 


Analyses with the Podbielniak column were 
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carried through hexane and the quantity, 


specific gravity, and molecular weight of © 


the residual liquid were determined. 


100 


°F 
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TEMPERATURE: 


-100 
4000 3000 2000 1000 0 


PRESSURE: LBS. PER SQ. IN. GA. 


Fic. 4.—COOLING EFFECT OF EXPANDING GAS. 


The composition of the sampled gas was — 


calculated by dividing the determined 


quantity of each component by the sum — 


of the volume of gas metered after passing © 
through the charcoal plus the vapor equiva- 


lent of the adsorbed materials. The 


methane, ethane, and propane were grouped _ 
together, or were proportioned according 


to the relative quantities determined by the 
conventional analysis on a similar sample. 
The superiority of this method for deter- 
mining the composition of lean gases may 
be appreciated from the fact that a con- 
ventional gas sample of normal size with 
o.2 gal. per thousand of butanes and 
heavier will contain approximately 0.8 
liquid c.c. of these materials, whereas a 
charcoal sample will usually contain from 
15 to 30 liquid c.c. of butanes and heavier. 


The success of the method was found to. 


depend to a large extent on the use of 
water-free charcoal and glycerin. Charcoal 
purchased in sealed cans was found 
satisfactory. 


DATA 


The data on the cooling effect of the 
expanding gas are presented graphically in 
Fig. 4 as a series of curves showing the 
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temperature reached by expanding the 
gas from fixed initial temperatures and 
pressures. The cooling effect was most pro- 
nounced at low pressures, almost disappear- 
ing over the interval above 3000 lb. per 
sq. in. Below — 20°F. there was apparently 
a reversal in the behavior, leading to a 
heating effect instead of a cooling effect at 
the higher pressures. 


TABLE 1.—Operating Conditions and Liquid 


Recovered 
Liquid Production, Gravit 
Pressure,| Temper- Gal. per M Cu. Ft. | of Neo 
Lb. per ature, Liquid, 
re: In. | Deg. F reat 
auge als 
Gross Net at 60°R 
1274 48 0.84 50.6 
1272 50 0.80 
1272 66 On 72 49.3 
1272 72 0.75 49.1 
125 50 0.77 
125 51 On77 0.74 50.3 
I25 76 6.73 
500 =0% 3.19 
500 —49 Bey ff tog key S727 
500 —16 I.40 I.0O1 55-8 
500 80 0.91 0.82 49.6 
800 8I 0.91 0.76 50.0 
I,000 — 64 1.68 0.92 55.2 
1,000 —49 1.95 I.03 55-9 
1,000 12 t.21 0.89 53.6 
1,000 Cpa) 0.97 0.72 49.4 
1,250 —53 D527 0.84 53-4 
1,250 — 36 I.54 0.89 54.1 
1,250 22 I.18 0.84 51.6 
aT, 250 80 0.98 0.76 49.6 
1,500 —44 0.94 0.73 
1,500 —38 I.09 0.72 50.7 
I,500 =—17 1.43 0.90 51.8 
1,500 38 1.08 0.78 51.0 
I,500 81 0.96 0.71 49.3 
2,000 ot 8} 0.90 0.60 47.8 ~ 
2,000 21 0.96 0.68 49.3 
2,000 80 0.92 0.66 48.0 
2,500 38 0.74 0.50 47.8 
2,500 83 0.77 0.55 46.3 
3,980 82 0.30 0.23 40.5 


_ @ Determinations with full-size separator processing 
1.75 to 4.5 MM cu. ft. per day. 

The experimental data on the effects of 
the temperature and pressure in the re- 
; frigeration chamber on the amount and 
“gravity of the condensed liquid are pre- 

sented in Table 1. The gross liquid volumes 
are as measured in the refrigeration cham- 
ber, including the dissolved gas, while the 
“net liquid volumes are measured at 60°F. 
after release of the dissolved gas. 
The results of the hydrocarbon analyses 


of the equilibrium gas and liquid samples 


os ileal dia \ Lab he 
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withdrawn from the refrigeration chamber 


are presented in Table 2. The methane, 


ethane, and propane values on the gas 
samples were determined by the conven- 
tional analysis and the heaviers from the 
results on the charcoal samples. Two of the 
liquid samples at 500 Ib. per sq. in. were 
lost. 

The character of the heavier materials in 
the well effluent is indicated in Table 3, in 
which are presented the results of an 
A.S.T.M. distillation of the liquid flashed 
to atmospheric pressure from the run at 
500 Ib. per sq. in. and — 40°F. At these 
conditions substantially all of the pentanes 
and heavier materials were condensed in 
the separator and the liberation of the dis- 
solved gas was conducted at a temperature 
low enough to ensure retention of all ma- 
terials heavier than hexane as well as a 
substantial portion of the intermediate 
hydrocarbons in the residual liquid. 


CORRELATION AND INTERPRETATION 
OF RESULTS 


Composition of Original Material 


The composition of the material entering 
the well from the reservoir was calculated 
from the hydrocarbon analyses and the 
experimentally determined gas-liquid ratios. 
The calculated composition of the reservoir 
material is presented in Table 4. This 
analysis is probably accurate within plus 
or minus 10 per cent on any component. 


Effects of Pressure and Temperature 
on Liquid Condensation 


The data on this particular well covered 
too limited a range to permit direct 
extrapolation over the entire range of tem- 
perature and pressure at which condensa- 
tion could occur. It was possible, however, 
to interpret completely the results over the 
range encountered in separation practice 
in the light of experience obtained with the 
experimental unit in other fields producing 
materials of a similar nature. 
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Curves are presented in Fig. 5 showing 
the effect of temperature on the amount of 
gross liquid condensed in the separator at 
various operating pressures, and in Fig. 6 
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Fic. 5.—EFFECT OF SEPARATION TEMPERA- 
TURE ON GROSS LIQUID YIELD AT VARIOUS 
PRESSURES. 


showing the effect of pressure on the 
amount of gross liquid condensed in the 


Taste 3.—Results of A.S.T.M. Distillation 
_ of Condensate from Separator at 500 Pounds 
per Square Inch and Minus 49°F. 


pera- 
Be ont ives Results 
Deg. F. 
Eb .Pe 98 | Recovery, per cent...... 93-5 
bae) 170 Residue, per cent........ 3.0 
20 200 |Loss, per cent........... 
30 232 | Gravity of sample, deg. 
40 276 AG Pal at OOF aye a sc. « afeizh 
50 327 
60 389 
70 447 
80 504 
580 


90 , 
End point | 614 


: separator at various temperatures, cross 
plotted from Fig. 5. The solid portions of 
these curves represent the range covered 
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by the data, while the dotted portions 
represent extrapolations added for the pur- 
pose of clarifying the observed phenomena. 

The most striking feature of these curves 
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Fic. 6.—EFFECT OF SEPARATION PRESSURE ON 
GROSS LIQUID YIELD AT VARIOUS TEMPERATURES. 


1500 2000 2500 


is their demonstration of the fact that in 
addition to the commonly observed pres- 
sure of maximum liquid yield for a fixed 


TABLE 4.—Calculated Composition of 
Reservoir Material 


Mou 
COMPONENT PER CENT 

Mebhianena eum cea eralesae-sleraie's 04.11 
Ethane somavecanatses) ois s visits 2.67 
IPEGDAING che Wire's sin ashehate brett a hos 0.89 
Isobutane’ .ctat > hbo nelaitrue 0.21 
MAOMLANE eee Wee eel srete 0.34 
PSOpPenbANeBajowrds chews tele ale 0.20 
WEP CMULAT Orato tats taxot ase colay ous istalsy 5) 6 0.10 
Flexanes:..®eiii- cisions tls eer 0.29 
PLGA VIEL vvle ss ysis. ale tt oo), o, che suet ogst ers" I.19 

100.00 


temperature there exist also, at pressures 
of 1000 lb. per sq. in. and higher, tempera- 
tures of maximum liquid condensation. 
Below these optimum temperatures the 
amount of condensate decreases rapidly 
and finally vanishes with further tempera- 
ture reduction, the material remaining en- 
tirely in the vapor phase at low enough 
temperatures. While this phenomenon was 
not unexpected and had been observed 
with this experimental unit in other fields, 
there seems to have been no other reported 
observation of it, and its existence appar- 
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ently has been overlooked because of a 
tendency to interpret the behavior of gas- 
distillate systems in terms of the phase 
diagrams of mixtures having higher critical 
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Fic. 7.—E¥FFECT OF SEPARATION TEMPERA- 
TURE ON PENTANES PLUS CONTENT OF RESIDUE 
GAS AT VARIOUS TEMPERATURES. 
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temperatures. These data indicate that the 
critical pressure of this particular reservoir 
material is probably below 1000 lb. per 
sq. in. and the critical temperature below 
—64°F. Thus substantially the entire two- 
phase region of this system is above the 
critical temperature and enclosed by a 
dew-point curve. The implications of: this 
will be discussed later. 


Correlation of Hydrocarbon Analyses and 
Calculation of Observed Phenomena 


A major part of the investigation of 
which this paper presents a part was the 
development of correlations that would 
permit the use of a limited amount of 
experimental and analytical data on any 
particular system to calculate the complete 
phase behavior. Space here does not permit 
the presentation of the data acquired on 
all of the investigations made nor of the 
correlations developed. However, to pre- 
sent the results briefly, it has been found 
that the range over which analytical data 
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may be extrapolated with satisfactory 


precision may be greatly extended by the 


use of the product of the equilibrium con- 
stant K, defined as the mol fraction of a 
component in the vapor divided by the mol 


fraction in the liquid at equilibrium, times — 
the absolute pressure, correlated graphically — 


as functions of temperature and pressure. 
It has been found experimentally that for 
many hydrocarbons plots of log KP vs. the 
absolute pressure and vs. the reciprocal of 


the absolute temperature yield substan-— 


tially straight lines or smooth curves over 
a considerable range of pressure and tem- 
perature. This correlation is especially 
useful for interpolation between widely 
scattered data points. For many gas- 
distillate systems a few experimentally 
determined equilibrium analyses at the 
upper and lower temperature and pressure 
limits of the range in which the investigator 
is interested will suffice and the remainder 
can be filled in by calculation. 


Effect of Separation Conditions on 
Composition of Residue Gas 


In the design of plants for the recovery 
of distillate from natural gas, the com- 
position of the residue gas rather than the 
amount of liquid condensed is the key to 
the extraction efficiency. Of particular 
importance is the content of pentanes and 
heavier hydrocarbons. In Figs. 7 and 8 are 
presented calculated pentanes plus content 
of the residue gas at various pressures and 
temperatures, expressed as gallons at 60°F. 
per M cu. ft. of residue gas corrected to 
60°F. and atmospheric pressure. In Fig. 7, 
which shows the effect of temperature on 
the residue content at various pressures, 
the experimentally determined values are 
shown for comparison. In most cases the 
experimental values checked those calcu- 
lated within o.o15 gal. per thousand. The 
increased gasoline content of the residue 
gas, reflecting the lower yield at excessively 
reduced temperatures shown in Fig. 5, is 
noticeable at 1500 and at 2000 lb. per 
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sq. in. It may be observed that the tem- 
perature for minimum loss for this particu- 
lar gas decreases with reduced pressure, 
varying from approximately 30°F. at 2000 
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_ |b. per sq. in. to approximately — 50°F. at 
1000 Ib. per sq. in. gauge. 
The curves in Fig. 8, showing the effect 
of pressure on the pentanes plus content 
of the residue gas at a series of tempera- 
tures, illustrate clearly the well-known 
optimum pressure for maximum liquid 
_ yield or minimum loss. Particularly inter- 
_ esting is the fact that for this particular gas 
the optimum pressure increases with in- 
creasing temperature from about 500 lb. 
per sq. in. gauge at —50 °F. to approxi- 
_mately 800 Ib. per sq. in. gauge at +80°F. 
The increased loss in pentanes plus with 
increased pressure above the optimum is 
very pronounced for this gas. 


Combined Effects of Pressure and 
Temperature—Phase Diagram 


As mentioned earlier, the combined 
effects of pressure and temperature on the 


}. 
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condensation phenomena are most readily 
portrayed by means of phase diagrams. 
An illustrative phase diagram for the 
reservoir gas is presented in Fig. 9, showing 
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Fic. 9.—PHASE DIAGRAM SHOWING COM- 
BINED EFFECTS OF PRESSURE AND TEMPERA- 
TURE ON YIELD OF PENTANES AND HEAVIER 
HYDROCARBONS. 


the estimated positions of the critical point, 
the dew-point line, and lines of constant 
condensation of pentanes and _ heavier 
hydrocarbons. This diagram is by no means 
exact, but is believed to be qualitatively 
correct in all its essential features. The 
critical conditions were estimated by 
calculating the molal average critical tem- 
perature of the mixture, —93°F., and 
extrapolating the vapor-pressure curve of 
methane to this temperature to find the 
critical pressure of 935 lb. per sq. in. gauge. 
Since the reservoir material contained 94 
per cent methane, it is believed that the 
true critical temperature and pressure can- 
not differ significantly from these values. 
The portion of the diagram outside of the 
range covered by the experimental data 
was arrived at by a combination of extrap- 
olation and calculation. 

The most important feature of this 
diagram is the fact that because of the low 
critical temperature and pressure almost 
the entire two-phase region is enclosed 
within a dew-point curve. Accordingly, it 
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is readily seen that at any temperature 
above —o3°F. isothermal increase of the 
pressure from atmospheric will increase the 
condensation of pentanes and heavier up 
to some maximum value, whereupon con- 
tinued pressure increase will lead to com- 
plete disappearance of the liquid. This 
phenomenon has been observed so fre- 
quently as to be accepted as characteristic 
of all gas-distillate systems. Equally clear 
from the diagram, however, is the fact that 
along any isobar above the critical pres- 
sure, decreasing the temperature from a 
high value will also increase the amount 
condensed of pentanes plus until it reaches 
a maximum, after which continued tem- 
perature reduction will result in decreased 
condensation and finally complete dis- 
appearance of the liquid phase. This latter 
phenomenon may or may not be character- 
istic of all gas-distillate systems. It is 
probable, however, that it is characteristic 
of many, particularly of those with low 
distillate content. 

The loci of the optimum pressures are 
indicated in Fig. 9 by the dotted line 
labeled a and the loci of the optimum tem- 
peratures by the dotted line labeled 6. 
Since these lines terminate at the critical 
point, their positions will be different for 
different mixtures. It is probable that 
within the range of compositions ordinarily 
encountered in gas-distillate mixtures, the 
richer the gas the higher will be the critical 
temperature and pressure and the higher 
the optimum pressure for a given tem- 
perature. The optimum temperature may 
be either higher or lower or may disappear, 
depending upon the exact position of the 
critical point. 


CONCLUSIONS 


An experimental separator has been 
operated, which attained temperatures low 
enough to permit the observation of opti- 
mum temperatures as well as optimum 
pressures for the separation of distillate 
from natural gas. The results indicated 


ij 
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that most gas-distillate systems are proba. 


e 


bly characterized by low critical tempera- 


tures and pressures, from which it may be 


expected that most of them will exhibit 
optimum separation temperatures at cer- 


tain pressures and optimum separation 


pressures at all temperatures normally 


encountered. 


Also developed was an experimental and 


analytical technique that yields sufficiently 


accurate hydrocarbon analyses of lean 


gases to permit their use, with certain 
simple correlations, to calculate from a few 
experimental points the complete behavior 
of any particular gas-distillate mixture. 
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DISCUSSION 

J. SWEARINGEN,* Austin, Texas——The dis- 
covery of an optimum separation temperature 
probably was not a surprise to the authors of 
this paper. The large deviations from the gas 
laws for methane at low temperatures ap- 
proaching the critical indicates increasing 
intermolecular forces with fall in temperature 
and therefore an increasing tendency to dissolve 
the liquid hydrocarbons. It seems reasonable 
that this effect might predominate over the 
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reduction of fugacity of the liquid due to the 
fall in temperature, to produce a maximum in 
the yield-temperature curve. 

An important application of this work that 
has not been elaborated on is its clarification of 
the shrinkage-value variation. In determining 
economical separation conditions, uncertainty 
often originates in inaccurate shrinkage values 
(ratios of ‘“‘net”’ to ‘‘gross” yields). Correlated 
shrinkage values over a wide range can be 
calculated from the data reported in this paper 
to show clearly the normal shape of these 
shrinkage curves. 


Chapter III. Petroleum Economics 


World Production of Petroleum Substitutes 


By V. R. Garrias* AnD R. V. WHETSEL,* Mempers A.I.M.E. 
(New York Meeting, February 1941) 


THE present study is intended as a pre- 
liminary statistical survey of the world’s 
production of petroleum substitutes. The 
information presented is admittedly defi- 
cient. It is believed, however, that the 
increasing importance of these substitutes, 
particularly with Europe at war, justifies its 
presentation at this time, if for no other 


provement of methods of manufacturing 


motor fuels, largely from coal, with the 
result that this country produced in that 


year over 20,000,000 bbl. of substitutes. 
Since the beginning of hostilities, substi-— 
tutes have offered more and more the 
means of meeting the unfavorable balance | 


between supply and demand in European 


TABLE 1.—Petroleum Substitutes and Their Source Material 


From Natural Gas From Coal 
Methane Liquid gas 
Liquid gas Manufactured gas 
Natural gasoline Gasoline 
Methyl alcohol Benzol 
Lubricants 
Etc. 


From Oil From Molasses, 


Shales Potatoes, etc. From Wood 
Shale oil Ethyl] alcohol Producer gas 
Gasoline Methyl alcohol 
Gas oil 
Lubricants 
Etc. 


reason than to encourage enlightened 
pertinent discussion. 

The world’s production in 1939 of pe- 
troleum substitutes—of which approxi- 
mately 97 per cent are direct substitutes 
for motor fuels—is tentatively estimated 
at 108,000,000 bbl., or equivalent to the 
combined output of crude oil in 1939 of 
Rumania, Mexico and Colombia. With few 
exceptions, these figures of production 
represent also actual figures of consump- 
tion, The United States, owing mainly to 
its output of natural gasoline, leads all coun- 
tries in the production of these products, 
with about 53 per cent of the total. 

In European countries, particularly 
Germany, the imminence of war in 1939 
forced an increase in production and im- 


Manuscript received at the office of the Institute 
Dec. 1, 1940. Issued as T.P. 1274 in PETROLEUM 
TECHNOLOGY, January 1941. 

* Cities Service Co., New York, N.Y. 


countries; the increase in production of 


these products being at least in part offset 


by the systematic bombing of synthetic 
plants and oil storage. 
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The source materials and the resulting 
substitutes are listed in Table 1. The fol- | 


lowing are the approximate gross heat 
equivalents of some substitutes to barrels 
of gasoline: 


EQUIVALENT, BBL, 
GASOLINE 60° 
ALeeks 


One barrel: 
BenBol se. kk wea te te ela 1.07 
«e« O.94E 
Picton tone ek Fi 
0.730 
Ethyl alcohols: since sive 0.671 
Methyl alcohol............ 0.507 
One M cu. ft.: 
Natural gas? dilaton tea ee 0.219 
Methane: castises vi. cals ome 0.106 
Manufactured gas?........ 3 . 103 


Producer gase.2 wc. fs cre 0.019 
a4 Assuming 75° A.P.I. natural gasoline. 
> Assuming 1150 B.t.u. per cu. 
¢ Assuming 1009 B.t.u. per cu. ft. 

4 Assuming 537 B.t.u. per cu. ft. 
¢ Assuming 100 B.t.u. per cu. ft. 
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PETROLEUM SUBSTITUTES FROM 
NATURAL GAS 


The most important petroleum substi- 
tute, natural gasoline, is a mixture of 
liquid hydrocarbons extracted from “wet” 
natural gas associated or not with petro- 
leum. It is chiefly used for blending with 
refinery products in the manufacture of 
high-quality motor fuels. There is a ques- 
tion as to whether some natural gasoline 
should be considered a petroleum product 

_ rather than a substitute. 

The following approximate composition 
of natural gas illustrates some of the 
products that can be derived from it: 


Percentages 
Constituents 

Dry Wet 

Gas Gas 
ENE] Op NaIey Noy ean qed Din BU OO orG 98.0 OI.4 

illuminating gas 

MANE Oise clelcie pe aes ee woes eae wes I.0 3.3 
CTKONDEMERES IP ect lerce.eclis fveya ae ase rele. a 6.aere I.9 


_ The United States produces close to 80 per 
cent of the total yield of natural gasoline, 
Canada ranking second. 

_ Propane and butane, hydrocarbons too 
light to be converted into natural gasoline, 
may be liquefied, transported as liquids 
and utilized as gases, as fuel in gas ranges, 
_ for motor fuel, and other uses. Liquid gas 
is also obtained as a by-product in the 
manufacture of synthetic gasoline from 
coal. The United States produces close to 
5,000,000 bbl. of liquid gas, the greater 
a part of which may be classed as potential 
substitute for motor fuel. Methane ob- 
- tained from wells in Italy is used as fuel in 
motor vehicles. 


PETROLEUM SUBSTITUTES FROM COAL 


Chief among the petroleum substitutes 
from coal are gasoline and benzol. The 


wo". 
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latter is usually blended with lower-grade 
refinery gasoline, and sometimes with alco- 
hol. Kerosene, Diesel and fuel oils, and to 
a lesser extent lubricants, are also com- 
mercially produced from coal. 

The most important methods of produc- 
ing these petroleum substitutes from 
coal are: 

1. High-temperature carbonization, in 
which coal is heated in coking ovens and 
benzol is recovered, is the oldest and 
most important. 

2. Low-temperature carbonization, in 
which tar oils are extracted at low tempera- 
tures and later pressure-cracked to obtain 
motor fuel and other products. 

3. Hydrogenation, in which in order to 
convert coal into liquid hydrocarbon, 
hydrogen is added, as the ratio of hydrogen 
to carbon is much lower in coal than in 
petroleum. It is claimed that hydrogena- 
tion is the most efficient process but the 
added expense necessitates development 
on a large scale for profitable operation. 

Manufactured gas from coal is utilized 
as a motor fuel in Germany, England and 
Italy. The gas is compressed into light- 
weight cylinders at a pressure of about 
4000 lb. per sq. in., and is carried on 
automobiles and trucks. Its performance in 
the motors as a substitute for gasoline is 
reported to be satisfactory. Producer gas 
from wood is also now being used in 
Europe as motor fuel. 

The world’s production in 1939 of pe- 
troleum substitutes from coal is estimated 
at about 28,730,000 bbl., the German out- 
put representing close to 60 per cent of 
the total. 


PETROLEUM SUBSTITUTES FROM OIL 
SHALES 


Shale oil is obtained commercially by 
grinding oil shales and retorting them in a 
manner similar to low-temperature carbon- 
ization of coal. The Australian shales yield 
about 100 gal., the Estonian so gal., the 
Scottish and French 25 and the Man- 
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churian shales about 14 gal. of shale oil 
per ton. Shale oil has a gravity of about 
29°A.P.I. and is refined by distillation and 
treatment with sulphuric acid and caustic 
soda; the products are all those derived 
from similar crude oils. The world’s produc- 
tion in 1939 of petroleum substitutes from 
oil shales aggregated about 2,490,000 bbl., 
Estonia being the leading producer, with 
an output of 1,300,000 barrels. 


ALCOHOL 


Synthetic alcohol, particularly as meth- 
anol, has come into extensive use as a 
petroleum substitute for blending with 
motor fuel in European countries, in some 
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of which it has been mandatory to add 
1o to 20 per cent of alcohol to com-— 


mercial gasoline. 
Ethyl alcohol is manufactured largely 
from potatoes, sugar beets, molasses, rye 


and other vegetable substances. The ap- — 


proximate yield in gallons of 99.5 per 
cent ethyl alcohol per ton of the base 
materials is 84 from corn, 22.9 from pota- 
toes, 34.2 from sweet potatoes, 22.1 from 
sugar beets, 78.8 from rye and 70.4 from 


blackstrap molasses. The world’s produc- . 


tion in 1939 of alcohol used as motor 


fuel was approximately 7,320,000 bbl. The — 


United Kingdom, with close to 2,400,000 
bbl., was the leading producer. 


World Consumption of Petroleum and Its Substitutes in 1940 


By V. R. Garrias,* anp R. V. WHETSEL,* MEMBERS, AND J. W. Ristori, * ASsocrIaTE 
Memser A.I.M.E. 


(New York Meeting, February 1941) 


WoRLD consumption of petroleum and 
its substitutes in 1940, which, except for 
the United States, does not include con- 
sumption for military purposes even in 


peacetime, is estimated at 2,006,000,000 
_bbl., or approximately 21,000,000 bbl. less 
than in 1939. As consumption figures for 


belligerent countries and those affected by 


_the war are unavailable, in order to arrive 


at a gross approximation the assumption 
has been made that the rate of civil con- 
sumption in these countries has declined 


80 per cent since the German occupation or 


the effect of the war made itself felt. 
In 1940 the total consumption in the 


United States increased 94,000,000 bbl. 


over the previous year, while the civil con- 
sumption in the countries directly affected 
by the war—some of them occupied during 
the last half of the year—decreased 


Manuscript received at the office of the Institute 


Feb. 20, 1941. | 
* Cities Service Co., New York, N. Y. 


126,000,000 bbl. In the rest of the world 
consumption increased 11,000,000 bbl., re- 
sulting in an over-all decrease in world civil 
consumption grossly estimated at 21,000,- 
ooo barrels. 


Millions of barrels 


sumpti 


we ett 


400 


1934 1935 1936 1938 1939 1940 


1937 
1.—WORLD PRODUCTION AND CONSUMP- 
TION OF PETROLEUM AND ITS SUBSTITUTES. 


0 hae 
1931 1932 1933 


TG, 


Although no reliable information is 
available regarding military consumption 
in foreign countries before or during the 
war, military consumption and/or addition 
to stocks in foreign countries in 1940, as 


TABLE 1.—World Petrolzum Balance Sheet 
THOUSANDS OF BARRELS 


Excess Production over nitedSbates Forei 
nee 5 gn 
Production Civil Con- Conaiaie og Military 
£P 1 sumption of Banadnedts 
Year of Petroleum! ‘Petroleum How aaa 
and Its and Its Pod World Excess Ex- hdaions 
Substitutes Substitutes eek Foreign Total ports over | To Stocks toIShecks 
Imports 
1932 1,362,039 1,348,407 R13,011 26,643 13,632 28,781 R41,792 55,424 
“ae Paercae tice B24 67,427 R7,222 60,205 60,254 7,173 53,032 
1934 1,562,834 | 1,507,599 26,164 29,071 55,235 64,013 | R37,849 93,084 
1935 1,702,793 1,614,475 53,027 35,291 88,318 75,474 | R22,447 110,765 
1936 1,864,997 | 1,795,560 52,209 17,228 69,437 74,890 | R22,681 92,118 
1937 2,121,337 1,914,856 161,445 45,036 206,481 115,677 45,768 160,713 
1938 2,062,090 1,917,927 124,047 20,116 144,163 139,420 R 9,077 153,240 
1939 2,182,883 2,020,557 86,222 70,104 156,326 134,81 te R30,082, 189,400" 
1940? 2,265,710 | 2,005,885 88,100° 171,825 259,925" 51,000 38,700 221,225 


@ Includes U. S. military consumption. 
> 1940 figures largely conjectural. 
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TABLE 2.—World Consumption of Petroleum and Its Substitutes 
THOUSANDS OF BARRELS 


1940 (Estimated) 
1938* 1939 
Consumption 
Country Before} Under} Before] Under 
Motor | K nd | Lubri Gere | Gere | Gere | Total 
Total Fuel, at Fuel cants | Mise. | Total rarsieeail Pee 
Oil Con- | Con- 
trole | trol¢ 
United States............ 1,140,923] 557,009] 64,003] 458,461] 23,713) 132,890) 1,236,076 1,330,000 
RUSS. ae Felt te wre cece 64,500 | 28,0 44,000} 67,000} 9,600) 22,000] 170,600 180,000¢ 
United Kingdom......... 90,300 | 44, 000} 29,900} 2,900} 4,400} 88,200 50,000 
Geritigtiy, 8.2 sens isiora aioe 56,700 | 24,200 8 18,100} 3,800} 7,100} 54,000 35,000¢ 
CANHOAS. cateen sin can seer 45,900 | 24,300} 1,000) 18,400] 1,300) 4,200] 49,200 50,000 
Pennce, $4 oSos iecahecaen 49,100 | 22,000} 1,400} 15,000} 1,800) 4,000} 44,200 17,000} 4,500e} 21,500¢ 
Argenta siclete ccteiecur's 29,500 8,000} 1,900} 18,600} 550} 1,900} 30,950 33,000 
aii eae oreo 25,000 8,000} 1,500} 12,000} 1,800} 2.100} 25,400 26,000¢ 
Raaliag veers tayo ste Yorstars, cate 20,500 5,700 . 12,200} 1,000) 1,900) 21,800 8,000) 2,500¢}  10,500¢ 
Netherlands West Indies..} 20,650 250 50) 15,500 50] 4,000) 19,850 20,000 
Mexieo? 3.03 atae ae oe 18,000 3,500 800} 12,700} 200) 1,400} 18,600 19,000 
Australiaisa. fa scons sleos 16,250 | 10,500} 1,200} 3,100 480} 1,000] 16,280 16,000 
British India (ex. Burma) 15,450 | 3,100} 6,100} 4,600) 1,000 900} 15,700 16,200 
Ramana. cieessa.sceas 12,780 1,300} 1,500] 10,000} 200) 1,400} 14,400 14,000¢ 
Netherlands............. 10,950 4,100 4,300 600 800} 11,800 4,000} 1,300¢ 5,300¢ 
Netherlands East Indies..| 11,350 1,500} 2,000} 6,200 250} 1,500) 11,450 11,500 
Teas 3 ky ieueseaees 10,600 650} 1,300} 6,000 450} 2,700} 11,100 11,500 : 
Sweden ie avielcd sae vsieey 10,050 5,100} 1,000} 3,700} 450 7 10,950 3,000} 1,500¢ 4,500¢ 
Union of South Africa... 8,270 | 5,800 650} 3,000} 350 500} 10,300 10,500 — 
Venezuela.........200005 8,925 1,150 40} 8,000 40 300 9,530 9,000 
Brazil hice. cate 8,820 | 3,250] 800] 4,800] 300} 150] 9300 9,500 
Denmark 3.' 3200 adiee ie’ 6,680 2,900 850} 2,650) 230 300 6,930 2,000) 900¢ 2,900¢ q 
Pelginmcer vets saan. cctcn st 6,395 4,000 170} 1,600} 480 500 6,750 2,500} 800¢ 3,300¢ 
EY DUS at a itatstane sesetoceid 5,650 850} 2,600) 2,200} 250 400 6,300 6,000 
French West Africa. ..... 5,390 400 1 5,200 50 20 5,770 2,500) 700¢ 3,200¢ | 
Ciba oes 8 2A. ae ees 4,800 800 100} 4,300 60 140 5,400 5,600 
Chile. stimulates sc sieate 5,030 750 70| 4,300 80 60 5,260 5,400 : 
Spaiti Mee vases lac hse 4,650 3,000 150} 1,800} 170 140 5,260 4,000¢ — 
INOKWAY,. noon treieee ce esies 4,580 2,000 350} 2,600 100 200 5,250 1,500} 700¢ 2,200¢ — 
New Zealand............ 5,370 3,300 200} 1,300 120 300 5,220 5,300 
erin nratisatittn ys tivtien 4,937 20 15} 5,000 2 100 5,137 5,000 
Primate oe cranstentese 4,720 140 80} 4,400 40 450 5,110 5,000 
British Malay........... 4,250 1,100 300} 3,200} 100 200 4,900 5,000 
Ching vrode teeta sec sae 4,600 800} 1,700} 1,400} 200 250 4,350 4,000 
Philippine Islands........ 3,700 1,100 4 2,500 110 140 4,250 4,400 : 
PO Sack nel duets wee 3,840 3 250} 2,700 800 4,160 2,100} 1,100¢ 3,200 
Hawaiian Islands........ 4,000 | 1,200 200} 2,500) 140 100 4,140 4,300 
Colombia.............+5 2,975] 930} 135} 2,150} 27) 135] 3/377 3,500 
Switzerland............. 3,250 | 1,600 170} 1,200} 150 190 3,310 1,500) 400¢ 1,900 
Poland ee feat cee 3,050 Included in Germany and Russia : 
Drnguy ors siecniae esas 3,030 800 280| 2,100 40 50 3,270 3,300 : 
Ceylonvecvacet «ns aktee 3,380 370 220} 2,500 20 100 3,210 3,000 
Panama Canal Zone...... 3,000 130 30} 2,900 30 40 3,130 3,200 
Grand Mca saenteeeerats 2,650 610 190} 1,900 120 2,900 3,000¢ 
Finlatid tests sicreartes 2,100 1,450 550 140} 140 160 2,440 500} 400¢ 900¢ : 
Irish Free State.......... 2,350 ,200 550| 350 80 250 2,480 2,100 
Czechoslovakia.......... 2,220 Included in ? 
Germany 
Parle Necro tain tes 2,570 450 200] 1,450 30 250 2,380 2,300 
Hungarrre,srhy sac seeha 1,930 820} 630] 680) 120] 120) 2'370 1,800¢ 
Al Rerle raters thers sisi a clers4 1,855 1,000 300 480 90 120 1,990 900} 200¢ 1,100¢ - 
Puerto RiCOj irs sisiaiatbishs 1,800 550 90} 1,150 40 50 1,880 1,900 
Palosting oe ote ine cali. vide 1,600 400 450 69 30 200 1,770 1,700 
JRPDANCR ace nies opis cele oa 1,620 230 60} 1,400 10 40 1,740 1,700 
MSVICUNA ois erent ing RO sfe Slee 1,550 200 50 50 300 600 1,600 . 
Portitgali cei tan Seie.s:2 1,515 600 380 450 80 50 1,560 1,500 
French Morocco......... 1,420 900 100 340 50 150 1,540 700} 200¢ 900¢ 
Hong Kong cdscss eso vies « 1,240 120 90} 1,100 40 30 1,380 1,300 
Turkeys sat otantoeince 1,280 450 350 450 60 20 1,330 1,200 | 
Yugoslavia.......... ane 1,090 350 210 340 70 120 1,090 1,000¢ 
Kenya and Uganda incl, | 
BIDAT: <oa/e Kolkata se 980 340 1 0 25 10 1,005 1,000 
Miscellaneous............ 16,362 6,407] 3,085} 5,406 684} 1,400) 16,982 14,185 7 
Totabacy foe's erence ie Re 1,917,927 | 804,026] 155,798] 807,917] 54,971| 203,845 2,026,557 2,005,885¢ / | 


ba Ra NR gr a a 
* Detailed figure: 


s for former years appear in earlier yolumes of the TRANSACTIONS. 
# Includes 3,800,000 bbl. of propane-butane. ; 
» Includes 5,000,000 bbl. of propane-butane, 
¢ Or before war affected consumption. 
4 Or after war affected consumption, 
¢ Highly conjectural, 
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shown in Table 1, are roughly estimated at sumption for military purposes of these 
221,000,000 bbl. or about 35,000,000 bbl. countries has been previously roughly esti- 
more than in 1939. The peacetime con- mated at 47,500,000 barrels. 
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TABLE 4.—World Production of Petroleum and Its Substitutes 
THOUSANDS OF BARRELS 


1939 1940 (Estimated) , 
Country Pe i Potent 4 
: etroleum : etroleum 
Crude Oil Sahetikites Total Crude Oil Sa hatittes Total - 
United States: cue in. coetaee cic ae 1,264,962 57,336 1,322,298 | 1,360,000 58,100 1,418,100 
FRGSSlan cares elon e terecelet apes eee 218,000 1,300 219,300 223,000° 1,300 224,300¢ 
Loe ea at Mite sop exageal we ate p texte Maha te 0a 206,000 1,000 207,000 186,000 1,000 187,000 
EE diaviecalste “alets :dtaue we atchutevelsheletateje'e 78,200 1,000 79,200 80,000 1,000 81,000 
Netherlands Be apes crcetaie erent 61,600 2,000 63,600 60,800 2,000 62,800 — 
AITABIAY « wrolcyers accel Teln Mr esttlels a 46,000 800 46,800 44,000 800 44,800 — 
MEXIOO a eaves eieitin tetehs oma at 42,800 I,000 43,800 40,000 I,000 41,000 
IRTACssiste:jovuie wiekiete Cie viele aeitweie siete 30,800 30,800 27,000 27,000 
Colom bids as.sre arvcaasie eo mamewiane ones 22,000 700 22,700 26,000 800 26,800 
Germany. cas. skit unierentomasa eof 6,700 20,175 26,875 6,700 20,000% 26,7002 
EEPHIGGC decdat 2 cette otaeaeitarciae,e a 19,300 250 19,550 20,000 300 20,300 
PUBCUUINAR sb cysaete ak, oietalotetera tein. 7 18,500 450 18,950 20,000 500 20,500 
QL W vcoie a Forays Gitte. ens atin aaeaes e 13,500 I,100 14,600 13,500 I,100 14,600 
Buiain=:< Sacer antes 7,400 150 7,550 6,800 150 6,950 
Canada......., fos 4,900 3,000 7,900 5,300 3,300 8,600 
British Borneo 7,100 160 7,260 7,100 160 7,260 
Bahrein Island 7,600 7,600 6,300 6,300 
ADEN Seeh e ale viele slerieven mar oie ise 3,700 3,996 7,696 3,700 4,500% 8,200¢ 
Nited SIN GMOM ss es acids culerete eee x 6,330 6,330 7,000¢ 7,000 
Egypt..... Pi OOS or aoe 4,400 160 4,560 5,200 200 5,400 
BAD Ce rei tehe aletee 2/a cele eeavetnsnte och 500 3,408 3,998 500 3,6002 4,100¢ 
Gaudt “Araptar. e..ccle ccionte wiausereiels 3,900 3,900 5,400 5,400 
FRCUAGOL Te pole, sve nnarez 01s ctarencthustenetelexe é 2,300 80 2,380 2,500 100 2,600 
Batish Indiates ssaccmebees te 2,200 2,200 2,200 2,200 
HStOtia ty ate datas ance caacarees 1,300 1,300 1,300% 1,3002 
Hungary Pr ee Pelelent a.tilthsie eames sa 1,100 80 1,180 1,800 1004 1,900% 
Al pamiateds cy bots exe ofaus Tovayer ote etboateto tor 934 934 1,000 1,000 
Miscelinrisotiss 5 /0+,0.<:slolsialsea Bere) ahecale 366 2,256 2,622 300 2,300 2,600 
IS TS ae ie ees San ee eee ere ge 2,074,762 108,121 2,182,883] 2,156,100 I10,6102 2,265,7102 


@ Highly conjectural. 


| 
| 
| 
| 
| 


Chapter IV. Production 


Introduction 


By JAmes TERRY Ducr,* Memper A.I.M.E. 


THE symposium on production for the 
year 1940 contains few papers on the for- 
eign situation. It is probable that the 
foreign part of next year’s symposium will 
be even shorter. This is due to rigid censor- 
ship in various countries, as the question of 
the volume of petroleum supplies has be- 

come one of great strategic importance. 
This is even more true than in the last war, 
- owing to greater mechanization of armies. 
It has always been the policy of officers 
in charge of the symposium to refrain from 
publishing information that might possibly 
injure national or private interests. At the 
_ close of the war we hope again to publish 
full and accurate records of production 
~ abroad. 


EXCERPTS FROM CIRCULAR TO AUTHORS 


In order to facilitate interpretation of 
the data in this chapter, we print the fol- 
lowing excerpts from the Circular to 
Authors. 


The field is the unit in this tabulation. In 
cases of fields extending across State bound- 
aries, such as Rodessa, it is suggested that 
each State author treat the section of the field 
in his State as a unit, and by a footnote indicate 
that the field extends into an adjacent State. 
Each space in Table 1 may represent one of 
four possibilities; either it is not applicable to 
_ the particular field, or the proper entry is not 
determinable, or the proper entry may be 
determinable but is not determinable from 
data available to the author, or the proper 
entry is determinable. When spaces are not 
applicable, leave blank; in spaces where the 
* Director and Vice President, California Arabian 


Standard Oil Co., San Francisco, Calif.; Chairman 
for Production, A.I.M.E. Petroleum Division, 


1936-1941. 
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proper entries are determinable but not de- 
terminable from data available to the author, 
please insert y; in spaces where the proper 
entries are determinable by the author, make 
such entries. y implies a hope that in some 
future year a definite figure will be available. 

The entry of a zero is a positive declaration, 
and an important declaration where it is in 
order. 

Inability to determine precisely the correct 
entry for a particular space should not lead 
the author to insert merely y. Contributions 
of great value may be made by the author in 
many cases where entries are not subject to 
precise determination. In such cases the 
author should use his good judgment and make 
the best entry possible under the circum- 
stances. For many spaces the correct entries 
represent the opinion of the author (for ex- 
ample, ‘‘Area Proved”) and in such cases the 
entry need not be hedged to such extent as 
when the quantities are definite yet can be 
ascertained only approximately by the author. 

In cases under definite headings but where 
figures are only approximate, the author may 
use %. 

It is thought that the nearest whole numbers 
are sufficiently accurate for our purposes ex- 
cept as to percentage of sulphur in oil. If an 
author desires to report any other figures to 
tenths, he may do so. 

The quantity of gas produced should include, 
where possible, gas sold or otherwise marketed, 
and gas blown into the air, burned as flares or 
otherwise wasted. Segregation of these figures 
would be interesting if the authors can make 
such segregation. In any event, the figures- 
should represent as nearly as possible the total 
quantity of gas removed from the reservoir. 

Under the columns on “‘ Depth,” the average 
depth to the top of the productive zones and 
to the bottom of the productive wells, when 
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subtracted, should give the approximate 
thickness of the productive zone. For fields 
where this is not true because of unusually 
high dip or for some other reasons, it is sug- 
gested that the authors indicate in their text 
the approximate average thickness of the 
productive zone. 

The net thickness of the producing formation 
should be the thickness of the producing zone, 
less the estimated amount to cover the portions 
of the zone that do not yield oil, such as dense 
shales, etc. It is recognized that for some 
fields the authors can only make rough guesses; 
in such cases, they should enter either x or y, 
whichever is appropriate, and production per 
acre-foot will have to be treated in a similar 
manner. Average production per acre-foot can 
be calculated by those interested from the 
figures given. 

In classifying wells as to producing methods, 
enter all wells that are not “flowing” in the 
column headed ‘Artificial Lift.” If desirable, 
add footnotes to indicate whether the lift is 
“pumping,” “‘gas litt” or ‘‘air lift.” 

It is recognized that for many fields it would 
be very difficult to determine accurately the 
quantity of each gravity of oil produced. How- 
ever, the approximate weighted average 
gravity, which will be representative of the 
total production can be determined sufficiently 
accurately to constitute significant information. 


Footnotes TO CoLUMN HEADINGS— 


TABLE I 
@ All fields to be listed alphabetically for the 
district; or alphabetically by counties in 
alphabetical order. 
> Areas where both oil and gas are produced, 
unless gas is marketed outside the field, are 
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included in column headed “Oil.” Manufacture — 
of casinghead gasoline and carbon black is — 


interpreted as outside marketing of gas. 

¢ Wells producing both oil and gas are classi- 
fied as ‘Producing Oil.’’ Gas wells are those 
producing gas, but include those producing 
wet gas, from which casinghead gasoline may 
be produced. 


4 State by letters, as indicated, type of oper- © 


ation: PM, pressure maintenance from early 
life of field; RP, field repressuring in its later 


life; SR, repressuring operations of secondary ~ 


recovery type. 

¢Cam, Cambrian; Ord, Ordovician; Sil, 
Silurian; Dev, Devonian; Mis, Mississippian; 
MisL, Lower Mississippian; MisU, Upper 
Mississippian; Pen, Pennsylvanian; Per, Per- 


mian; Tri, Triassic; Jur, Jurassic; CreL, Lower — 


Cretaceous; CreU, Upper Cretaceous; Eoc, 
Eocene; Olig, Oligocene; Mio, Miocene; Pli, 
Pliocene. 

‘S$, sandstone; H, shale; L, limestone; OL, 
odlitic limestone; LS, limestone, sandy; C, 
chalk; A, anhydrite; D, dolomite; Da, arkosic 
dolomite; Gw, granite wash; P, serpentine. 

9 Figures are entered only for fields where 
the reservoir rock is of pore type. Figures rep- 
resent ratio of pore space to total volume of net 
reservoir rock expressed in per cent. “Por” 
indicates that the reservoir rock is of pore type 
but said ratio is not known by the author. 
“Cav” indicates that the reservoir rock is of 
cavernous type; “‘Fis,’’ fissure type. 

4 A, anticline; AF, anticline with faulting 
as important feature; Af, anticline with faulting 
as minor feature; AM, accumulation due to 
both anticlinal and monoclinal structure; H, 
strata are horizontal or near horizontal; MF, 
monocline-fault; MU, monocline-unconform- 
ity; ML, monocline-lens; MC, monocline with 
accumulation due to change in character of 
stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with 
accumulation due to sealing at outcrop by 
asphalt; D,*dome; Ds, salt dome; T, terrace; 
TF, terrace with faulting as important feature; 
N, nose; S, syncline. 
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Oil and Gas Development in South Arkansas in 1940 


By WarrEN B. WEEKs,* MemBer A.I.M.E. 


THE year 1940 saw an increase of 20 per 
cent in oil production over the previous 
year—compared with a 16 per cent increase 
the previous year. In all, 25,790,380 bbl. 
were produced, an increase of 4,414,150 
bbl. over 1939 and the largest production 
figure for south Arkansas since 1928. 

The older settled production continued 
to decline. Magnolia accounted for most of 
_ the increase, with aid from the other recent 

deep fields. During the year, 169 wells were 
drilled, 79 fewer than in the previous year. 
Of 131 wells drilled in proven fields, 18 were 
dry. Three of the 38 wildcats were pool 
openers. The drilling depth record was 
increased from 9028 to 9550 feet. 


TREND OF PROSPECTING 


For the first time since 1936, the search 

- for oil in the deep Smackover limestone 

slackened perceptibly; 9 dry wildcats 

ended in Smackover, 2 in the underlying 

Eagle Mills; 7 penetrated Paleozoic beds, 

while 9 ended in Hosston, 2 in Glen Rose, 2 
in Paluxy and 4 in Gulf. 


GEOLOGY 


The wells listed in Table 2 either resulted 
in the discovery of new oil pools or, because 
_of their depth or location, afforded impor- 
tant stratigraphic or structural informa- 
_tion. Fig. 1 is a general columnar and 
. stratigraphic section showing the relation- 
ship of the strata within the Comanche 
series. The nomenclature shown was ac- 
cepted by the Shreveport Geological 


Manuscript received at the office of the Institute 
Feb. 19, 1941. ; 

* District Geologist, Phillips 
Shreveport, La. 


Petroleum Co., 


Society. It was subsequently published by 
Imlay, who indicated probable correlations 
with other areas and presented evidence 
for the possible Jurassic age of the under- 
lying Cotton Valley and Smackover 
formations. 


NEw FIELDS 


Fouke.—On June to, 1940, the Louark 
Producing Co. completed its No. 1 Sturgis, 
sec. 1, T. 17 S., R. 27 W., in central Miller 
County, producing between 3583 and 3607 
ft. in the upper part of the Paluxy forma- 
tion. The well flowed too bbl. of 31.4° 
gravity oil per day through 34¢-in. tubing 
choke. This discovery resulted from seismo- 
graph work. Six other wells were drilled in 
the area, none of which found production 
in the original sand. One of these wells is 
producing from:a sand 50 ft. deeper in the 
section. The others were abandoned. No 
further development is in prospect. Pro- 
duction is from lenticular sands of the 
upper Paluxy; 45,556 bbl. had been pro- 
duced by the end of 1940. There is struc- 
tural closure against a fault to the 
northwest. 

McKamie.—The Atlantic Refining Com- 
pany’s No. 1 Bodcaw Lumber Co., sec. 29, 
T. 17 S., R. 23 W., eastern central La- 
fayette County, was completed June 8, 
1940, as the eighth and farthest west of the 
Smackover (Reynolds odlite) limestone 
pools. The well flowed to bbl. an hour of 
58.6° gravity distillate through an 11£,-in. 
tubing choke, with a gas-oil ratio of 8400: 1. 

1R. W. Imlay: Lower Cretaceous and Jurassic 
Formations of Southern Arkansas and Their Oil and 


Gas Possibilities. Arkansas Geol. Survey Inf. Circ. 12. 
Little Rock, 1940. 
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Producing odlite was encountered from 
gi1oo to 9206 ft. Two other wells were 
completed by the end of 1940 and the area 
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Nick Springs —The Delta Drilling Com- 
pany’s No. 1 Grace, sec. 31, T. 17 S.; Rare 
W., central eastern Union County, was 
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Fic. I.— STRATIGRAPHIC SECTION, COMANCHE SERIES, SOUTHWESTERN ARKANSAS. 


Nomenclature after Shreveport Geological Society and Imlay. 


had produced 76,147 bbl. of distillate. 
This pool is the result of seismograph 
exploration. 


. 


completed on June 1, 1940, producing 16 
bbl. of 37° gravity oil and 34 bbl. of salt 
water per hour through }4-in. tubing choke 
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TABLE 1.—Oil and Gas Production in South Arkansas 
oe ee a as TS a aa ee me NG 9 GSS Ss CS A 


Total Gas Oil-pro- 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or ee 
Bbl. Millions Gas Wells ede 
Cu. Ft. Bnd of 
1940 
- During} End of Number 
Field, County & 1940 1940 of Wells 
La] 
o 
= 
s 8 To End of | During % 
a 2 1940 1940 S3|_ | lee 3 
g =) Bal3] sls El eo |e 
z 8 23 $5 /3| s/88)8 13] ols 
z ae | #2 las] el elasls. [see 
2 a "3 ae ES |e's| gs] S/s else fs] else 
Sas} o 4 ot sm 6g BI] S|Ss8)/ oR ls] o/b 
a al S) Bo | At [SFIS] a |eZ@G° Ale lar 
1| Atlanta, Columbia...... 0 832,195 | 722,225] 8872 | 722 16] 10} 0] Oo} 1 
: A , , 6) 0} 1 
: Se ie ae e: eae 24,955 511 499° 1] oO} O01 CO 0} 1 t 5 
; ane 6 
4| Buckner, Columbia, ie . e e i eed Ae Unease y 
Meg teiitia ei desl oes 0 1,842,240 804,045 4602 201z 23). 4) O| OF -23) O} 21 2 
5 pee 0 37,850 240 0 0 Z|, 0) OF 0 1} 0} O 1 
6| Champagnolle, Union... x | 14,621,780} 434,835 z £ 237; 0| 4) 14) 79) 1) O| 79 
7| Dorcheat, Columbia..... 0 455,490 | 417,560 | 4,2892 | 4,175a 8}. 6] 0] 0 8] 0} 8 
8] East El Dorado, Union} |1 a 9,412,175 134,630 z x 191; 2) 3 1) 54] 3) 0 sh 
9] El Dorado (South), 
BS OT ee manh ayarsts ers > 47,936,515 473,105 x O {1,115} 0} 4] 15} 201] 0} Oo} 201 
10| Fouke, Miller.......... 45,565 45,565 2 2 2) 2) OF 0 2) 0) 1 1 
11| Garland City, Miller?... 1,960,730 102,370 2 a 28; 0} 1 6] 15) 0} OF 15 
12| Irma, Nevada........... 6,859,3355} 204,820 x 0 150} 0; O| 3) 74) 0) O| 74 
13] Lewisville (Stamps), 

’ CED inion on a ost rs ase 366,820 232,700 2252 1392 18} 7} 0 Dg O} 0) 17 
14 Union..... tailors 6,707,180 79,755 2 0 356] 0} 11 3} 136] 0} O} 136 
15| Magnolia, Columbia... . 11,102,975 | 7,376,925 | 9,618a | 6,6392 | 116) 34) 1) 0} 115} 0/115 0 
16] McKamie, Lafayette. .. 76,145 76,145 5472 5472 Bl. 3} 0) 0 3] 0} 3 0 
17| Mt. Holly (McDonald), 

Ouachtiaor eens = 5% 117,085 08 0 0 6} 0] O; O 0} 0} O 0 
18] Nick Springs, Union.... 180,470 | 180,4707 0 0 13/18) 0], VO} & 13/80) a 12 
19| Rodessa, Miller......... 2,150 5,809,390 717,045 |32,332 7,926 123} 3) 15 75|10} 4) 71 
20| Schuler, Union......... 5,450 20,477,975 | 6,576,785 |24,325a2 |11,6712 | 177} 6] 0} 0} 174] 0/159) 15 
21 Morgan sands....... 3503 2,067,530 236,910 | 1,670z 1852 15) 1 0}, 0), 12).0)) OF 
22 Jones sand......... 4,000 16,075,835 | 5,345,515 |20,3482 |10,6912 | 146] 5} 0) 0) 146) 0/143 3 
23 Reynolds odlite..... 1,100 2,334,610 | 994,360] 2,307” 7952 16} 0} 0} O} 16] 0] 16) O 
24| Smackover, Ouachita, 
ated Sette tee 25,760. 383,951,850 | 5,625,770 x az |3,743| 2] 87} 641,605] 0} 0)1,605 
25 Spi tare Hearn eg 16,000 329,242,650 | 5,008,890 x % y| 2] 37) 58}1,130} 0) 0/1,130 

~ 26 l(a connie gaesones 9,600 54,521,880 592,800 © x y| 0} 50] 6} 472) 0} 0} 472 
27 Snow Hill.......... 160 187,320 24,080 z 0 6} 0] 0 0 3] 0} O 3 
28] Stephens, Columbia, 

Nevada, Ouachita...... 3,000 6,554,025 196,175 = x 306] 0} 1 0} 198} 0) Oj} 198 
29] Troy, Nevada........... 1936} 500 1,588,555 453,875 z “ 35| 6) 2 4); 31] 0} 0] 31 
30} Urbana, Union......... 500 0 5,418,610 493,105 z 69} 21} 0} 0} 52} 0} 14) 38 
31) Village, Columbia....... 600 0 792,450 417,280 | 3,962 | 2,0362 11}, 0} <0} O} 2 10) O11 0 
32 Potal®, nencexciais kicks’ 61,670 |2,640+-] 527,359,685|25,790,380 |77,156-+|34,557-+|6,754 118)128} 111]/2,903)15}354)2,550 


© Footonotes to column heads and explanation of symbols are given on page 256. 

1 Including several small producing areas. 

2 Includes the single Glen Rose producer in sec. 24, T. 15 8., R. 26 W., now abandoned. ‘ 

3 Areas of Big Creek, Fouke and McKamie are not yet fully defined. The area of the Morgan sands of Schuler may be considerably 

enlarged with future reworking of deeper wells. : ; : Vapre 

4 Big Creek and McKamie are classified as gas fields; however, the latter produces a considerable quantity of high-gravity oil or 
distillate. Although Dorcheat is officially termed an oil field, the fluid produced and the gas-oil ratios are Shey with those of 
McKamie. Village has relatively high gas-oil ratios. Magnolia and the Jones sand and Reynolds odlite of Schuler have gas caps 
which are not being produced. 4 

5 Includes 135 bbl. produced at Falcon in 1938. 

6 Fields abandoned in 1931. ? 

7 Producing from five sands in the upper part of the Hosston formation. ; ; : 

8 With the exception of Big Creek and Rodessa, where approximate gauges are available, gas volume produced is estimated from 


average gas-oil ratios. 
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from depths between 3465 and 3490 ft. The 
discovery well was the second deep test 
for the area abandoned in the Smackover 
limestone and had been plugged back from 
a depth of 6819 ft. By the end of the year 
180,470 bbl. of oil had been produced from 
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13 wells in five sands ranging in depth from 
3150 to 3760 ft. within the upper half of the 
Hosston formation. Production lies in 
narrow bands in the various sands where 
upthrown against a fault. The drilling 
followed seismic exploration. 


TABLE 1.—(Continued) 


Berra oe , D + Zone Tested 
essure, aracter 0! . . eepest Zone Tes 
ib. ner il Producing Formation to End of 1940 - 
§q. In. 
Depth, Avg. Ft. 
| Initial] g [a | Name | Agee | _ i Name 
: ig RRP S 1s g2| 2 sé 
z, 3°S bola 2 5S 3s = : | se{/a=| 3 ; 
eS.) £ 2 jlops|ihy > as 
2 we Beet By a 2| abe |ZEs eel 2 as 
=| 2a |§ aed) Sa & |2<| ges BAE|o<| $ Aas 
1) 3,844 |3,733 | 42.6 10.49 | Reynolds Jur OL |17.6} 8,202 |8,227 | 25 A | Smackover 8,332 
2) 3,723 68.7 Reynolds Jur OL /13.4) 7,959 |7,995 | 36 A | Smackover 7,999 
3 y 26.3 0.43 | Buckrange CreU 8 Por| 2,785 | 2,790 5 A | Paluxy 3,555 
4| 3,200 | 2,737 | 32.3 [1.87 | Reynolds Jur OL /|15.0) 7,200 |7,260 | 30 A | Smackover 7,444 
z y y a 4 : : a Ee re 8 Por Hees 1,369 | 13 ML | Hosston 2,500 
y y .3- fl. ‘okio re’ 2,800 = 
34.0 12.00 [Travis Peak | CreL } S | Por) } 3'340 3300} 15 | NL | Eagle Mills salt | 6,011 
7| 4,243 13,905 | 56.0 |0.40 ynolds Jur OL /|15.0} 8,815 |8,875 | 60 A | Smackover 9,028 
8 y y ae ge Nacatoch reU 8 Por} 2,170 |2,180 | 10 TL | Cotton Valley | 6,003 
.7- 11.07- 2,100 
9 y y | 33.2 |1.15 | Nacatoch CreU S  |Por 200 2,177 | 20 | ANL | Travis Peak 3,396 
2,950 
10} 1,485 y | 31.4 Paluxy CreL S| Por en 4 7 mt F | Smackover 9,550 
31.7- |1.26-| § Paluxy 21925 | 21935 
11 y y| 47.4 |0.44 { Roden } CreL § Por 4200 | 4/215 \ 10 ML | Smackover 7,310 
12 y y | 14.1 |2.70 | Nacatoch CreU N) Por| 1,150 |1,179 | 27 AF | Travis Peak 3,735 
13|1,450z| 2 | 42.6 0.63 poms — \ OL-S |17.0} 3,400 |3,500 | 20 | TF | Smackover 7,420 
14 y y | 34.0 |1.08 | Nacatoch CreU S |Por| 2,100 |2,120 | 20 | ML | Smackover 6,821 
15] 3,555 | 3,237 | 38.0 |0.89 | Reynolds Jur OL {16.1} 7,350 |7,600 {100 A | Smackover 7,824 
16) 4,365 | 4,365 | 58.3  |0.242] Reynolds Jur OL |Por| 9,125 |9,300 {106 A | Smackover 9,366 
Wy az} 30.0 |y Hosston CreL 8 |Por| 2,800 | 2,813 7 | ML | Hosston 3,378 
34.1- 3,153- | 3,161- 
18] 1,600 1,541 Md : , i Ee Hosston CreL NS] ty 3,736 13,762 | 30 AF | Smackover 6,819 
19 2,5002] 200z| 44.9 |0.38 | Rodessa CreL | LS-OL |30.0] 6,050 |6,100 | 25 | AF | Rodessa 6,514 
40.9- |0.52- 
21) 2,000z z} 41.9 |0.56 | Cotton Valley | Jur S 16.0] 5,600 |5,885 | 30 AL | Smack 8,328 
22) 3,520 | 1,612 | 34.6 {1.40 | Cotton Valley | Jur S  |20.2] 7,580 | 7,610 | 42 A Smackover 8,328 
vt 3,545 |3,385 | 36.8 0.91 | Reynolds Jur OL {16.7} 7,600 |7,6385 | 26 A | Smackover 8,328 
Nacatoch 2,000 | 2,025 
19.8- |2.02 | « Graves CreU S | Por] 2,450 |2,475}| 40 Af | Eagle Mills salt | 7,25 
ee eet tes cae sa al 
8 11.77- acatoc’ 000 | 2,025 
26} y| y| 27.3. |2.24 |) Meekin Cre 8 |Por| 1 2/275 |2\3005 | 30 | ALf | Ieneous 7.073 
27 x z ee 308 a Jur OL |25.0 pn ove . AF | Eagle Mills salt | 5,708 
: .87- acatoc! : 1,510 5 
8} v |) v| 80.6 |1-60 | | Buckrange CreU | 8 |Por!{ 2t00 [210 | 7}| NUE |Smackover | 6,053 
dio] tig lig 20.0- 2 i Tokio Be S |Por|} 360 [217 }| 10 | F | Eagle Mills salt | 6,143 
.9- |2.03- acatoc! re 2,270 | 2,2 
30) 2| «| 32:7 |1.14 | osston CreL } S | Por!) 3'550 3 Bab 10 | A | Cotton Valley | 4,501 
o 3,350 {3,310 | 41.1 |0.80 | Smackover Jur OL {14.0} 7,390 |7,450 | 50 A | Smackover 7,603 
878 


ee ee a en eee rae fare er ES ES 8 a 9 ees lf 
_ * Most of the figures for sulphur content were obtained from O. C. Blade and G. C. B ¢ i ici 
Fields of Arkansas. U. S. Bur. Mines R. I. 3486 (Jan. 1940). apes Be Re ee eee 
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EXTENSIONS AND DEVELOPMENT 


Urbana.—Electric logging resulted in the 
discovery of two new producing sands in 
the old Urbana field around sec. 3, T. 18 
S., R. 13 W., eastern Union County. The 
Marine Oil Company’s No. A-12 Thompson 
was completed July 23, 1940, producing 
5 million cubic feet of gas and 2 bbl. of 
_ 28° gravity oil per day through 14-in. 
tubing choke at a depth of 3200 ft. A later 
well produced 114 bbl. of oil per day. On 
Aug. 1, 1940, the A-13 Thompson was 
completed from a sand at 3005 ft., produc- 
ing 222 bbl. of 28° gravity oil per day 
through 12é4-in. Ten wells were completed 
in this sand by the end of 1940. 

Other Fields —As in the previous year, 
the Magnolia field, Columbia County, led 
in development with the completion of 33 
oil wells from the Reynolds odlite. One dry 
hole was drilled. With 115 wells covering 
4600 acres the field is practically developed. 
In the same county the Aélanta field had 
to oil wells and 2 dry holes, being defined 
at 800 acres. The Buckner field had 4 new 
oil wells, while Dorcheat had 4 wells and a 
dry hole. The latter, essentially a gas area, 
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is only partly defined at 800 acres. Six wells 
were added to the shallow Troy field in 
Nevada County. Two small pumping wells 
were completed from the Blossom sand in 
the Smackover field, Ouachita County. One 
small Nacatoch well was added to the East 
El Dorado field, Union County. 


REGULATION OF PRODUCTION AND 
DEVELOPMENT 


The Arkansas Oil and Gas Commission 
continued to regulate the drilling and 
producing in the new fields (discoveries 
since 1936). Spacing for the deeper oil 
fields, except the Jones sand of the Schuler 
field, continued to be on a 4o-acre basis. 
The McKamie field has been designated a 
‘gas field”? and 160-acre spacing ordered 
for further development. 

Early in 1941 plans were consummated 
for the unitizing of the Jones pool in the 
Schuler field. At the request of the majority 
of the leaseholders and royalty owners, the 
Oil and Gas Commission ordered unitiza- 
tion. Plans are to inject the residue gas 
into the gas cap of the Jones reservoir. 


TABLE 2.—Summary of Drilling Operations in South Arkansas 


Important Wildcats Drilled in 1940 


County 


OMIM MmCrorH | 


Location 
a ers Surface Deepest 
epth, ¥ orizon 
Ft. Formation Tested 
Sec Twp. Rge 
33 558 4W | 4,581 | Quaternary | Pottsville (?) 
17 158 13 W 4,790 | Cockfield Smackover 
6 195 18 W | 8,760 | Cockfield Smackover 
24 178 19 W | 7,768 | Cockfield Smackover 
12 188 23 W 9,065 | Claiborne Smackover 
10 188 20 W 8,405 | Cockfield Smackover 
35 144N 3E 5,092 | Wilcox Paleozoic 
29 178 23 W | 9,221 | Claiborne Smackover 
il 178 27 W | 9,550 | Claiborne Smackover 
2 118 21 W 1,300 | Midway Smackover 
9 158 22 W 6,068 | Cane River | Smackover 
36 198 17W | 9,069 | Cockfield Smackover 
9 178 16 W | 6,821 | Cockfield Smackover 
29 188 16 W | 8,020 | Cockfield Smackover 
31 178 14W | 6,819 | Cockfield Smackover 
3 188 13 W 3,060 | Cockfield Hosston 
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Early in 1940 an attempt to force proration 
on the basis of sand thickness or oil in place 
failed. 
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TABLE 2.—(Continued) 


Important Wildcats Drilled in 1940 


Initial Production Pressure, Lb. 
per Day Choke per Sq. In. 
Drilled by G F Seco Tamarae 
Oil as, | of an Inch s ; 
i Millions Casing | Tubing 
U. 8. Bbl. Cu. Ft. 
1} J. M. Hazelwood Dry hole 
2 | British-American Oil Co. Dry hole 
3 | Barnsdall Oil Co. Dry hole 
4|J. M. Forgotson Dry hole 
5 | Gulf Refining Co. Dry hole 
6 | Louark Prod. Co. Dry hole 
7| Tennark, Inc. Dry hole 
8| The Atlantic Ref. Co. 240 1.996 1lé4 3100 2950 | Discovery, McKamie field 
9 | Louark Prod. Co. 100 346 185 | 150 as Fouke field. Deepest well in 
s' 
10 | Coker Oil Co. Dry hole 
11 | Texas-Canadian Oil Co. Deep test, Falcon field. Dry hole 
12 | Barnsdall Oil Co. 7 Dry hole 


13 | E. G. Bradham, et al. 
14 | Louark Prod. Co. 

15 | Delta Drg. Co. 

16 | Marine Oil Co. 


Number of wells drilling Dec. 31, 1940... .............04. 
Number of oil wells completed during 1940................ 
Number of gas wells completed during 1940............... 
Number of dry holes completed during 1940............... 


Deep test, Lisbon field. Dry hole 
Dry hole 

Discovery, Nick Springs field 
New Horizon, Urbana field 


In Proven Fields | Wildcats 
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Ree eA AS OE lil 3 
oes eka ortoiuanret s cee 2 0 
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Developments in California Oil Industry during 1940 


By V. H. WirHELm,* Memper A.I.M.E, 


(New York Meeting, February 1941) 


SINCE 1935 California has enjoyed a 
remarkable cycle of discovery, which has 
placed the state in a very satisfactory 
position in regard to oil reserves. Most of 
the geophysical plays have been drilled and 
it is possible that new discoveries must be 
made by the application of careful geologic 
and stratigraphic studies. 

During 1940 only one new field was dis- 
covered, which, although not of major im- 
portance, may lead to additional discoveries. 
During the year, 113 wildcats were drilled. 

New discoveries, extensions and a re- 

appraisal of discoveries made in 1939 will 
not approximate over 50,000,000 bbl., as 
_against an estimated withdrawal during the 

year of 224,000,000 barrels. 
Demand in terms of crude for 1940 was 
632,000 bbl. per day as against 626,000 
bbl. per day for 1939. Demand for gasoline 
was the same as in 1939, but the demand 
for fuel oil increased 3.8 per cent. Com- 
pared with 10939, Japanese shipments 
decreased from 75,786 bbl. per day to 
61,000 bbl. per day, but the balance of 
Pacific foreign shipments increased from 
59,409 bbl. per day to 61,304. Total with- 
_drawals from storage during the year will 
approximate 7,000,000 bbl., almost all of 
which is fuel oil. 

Drilling activity was slightly greater than 
in 1939 and accounted for 890 new producing 
wells as against 851 for 1939 (Table 3). 

Production averaged 611,900 bbl. per 
day as compared with 614,842 bbl. per day 


for 1939. 


Manuscript received at the office of the Institute 


March 24, 1941. ’ 
G Poleoleuss. Engineer, Lieutenant-Commander, 


U.S. Navy, Los Angeles, California. 
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The productive acreage figure of the 
state was increased by 4000 through dis- 
coveries and extensions. 


New DIscovERIES 
Los Angeles Basin District 


Del Valle Field—Northwest of Newhall, 
where the first oil well in California was 
drilled, R. E. Havenstrite completed his 
Lincoln No. 1 well, flowing 390 bbl. of 50° 
gravity oil together with 7000 M cu. ft. of 
gas. Later the well was recompleted, after 
cutting off the gas, for 950 bbl. of 34° 
gravity oil. The type of structure from 
which this production is coming is a plung- 
ing anticline, complicated by faulting. The 
Lincoln No. 1 well uncovered approxi- 
mately 180 ft.. of net sand. This field 
contains a gas cap and its indicated produc- 
tive area approximates 500 acres. 

An intensive wildcat drilling campaign 
is expected during this coming year in the 
district in the vicinity of the Del Valle 
field. 


EXTENSIONS AND DEEPER SAND 
DEVELOPMENTS 


Los Angeles Basin District 


Athens Field—On the northwest plunge 
of the Athens structure, the Thorley Oil 
Co. completed its No. 12-1 well, flowing 
250 bbl. of 32° gravity oil from a depth of 
8097 ft. The area in which the well is 
located is complicated by faulting and it is 
impossible at this date to determine the 
importance of this deep-zone discovery. 


During 1940 


5,843,518 


3,855,165 

745,969 
2,033,788 
1,949,315 
1,795,192 
4,467,288 
1,663,255 
1,356,868 

863,278 
4,424,902 
2,040,337 


1,470,823 


2,169,450 
1,464,416 


16,719,389 
1,372,860 


55, 
86,992,107 


650,852 


1,286,761 


84,365 - 
8,037 


118,768 | 
276,454 
891,153 
99,332 
808,583 
6,061,273 


311,102 
1,581,230 
77,965 


12,548,184 
527,783 


49,666 
30,691 


264 DEVELOPMENTS IN CALIFORNIA OIL INDUSTRY DURING 1940 
TABLE 1.—Oil and Gas Production in California 
Area : ; 
Proved, | Total Oil Production, Bbl. 
Acres 
Field, County 
: To End of 
i Oil? 1940 
a 
o 
A= | 
4 
ai San Joaquin VALLEY 
J) Buen Vista sR erie hii occreass cts crooner teen alain ste mentees 22,000 | 276,816,802 
OF Belridgo, North, Keri. cle acs «acecthersatetete ateyerctaveteiatsxone, Sid cieroveter oie eieyate Sina ol eae 1,837 40,239,507 
3| Beltidgo; South, Kern ce sec artece senate oe lotet oeiaieelalstesclaomiae ahaa 2,300 22,324,731 
4\,. Canal; Kernzcseesakrese as ota es eo toeicte oh a7a5,5 fe selon tensen ee aie 990 4,766,976 
5) | Coalings; Bast, Tyesno 7 9505 texcteniecu tence one tarot me wistvietie's tae e aber 6,400 | 218,738,042 
6) Coalinga; Wiest; [reano, cos cotst as. notaminneanctce ontt © mane eaten eee» 11,370 | 144,453,663 
7| Coalinga, Nose, Pree se Soros rod aes Oe Paik ele abawlamtesinales hone ornieeaye 2,870 6,894,458 
| Coalinga, Northeast: Freano- tcc. Giniate Mien aen Sue aoae es eomeee tes 1,560 1,845,080 
91 Coles Levec: Kern cara cadits ascent cde sc ttesit ase ine bos dine ow eingin ei sinieceraiiys 2,910 1,703,433 
LO Hidigon* Kernw. sot tas cictee aice oe oak heat tae tinets ania Shales eee hele eames 1,240 7,331,298 
11 Wc: Bills. Keres. vaS: etheaes check tan cee thee «eee aewiiens « ce ose ae waloaloee 7,870 | 154,245,824 
$3) -Brostvale; Kerr ..\yscte a 6 ares cab e sieats cca alate in'sve atanrosa cieyarelal eel iaarttersioe See 2,050 22,301,959 
13|'Grocley Kort: sreeuessc ceciecciccs bones Meike an Fee Motes dae ia ate aaa 1,900 3,977,026 
if4| Kern Brontiimern etice hank cceea tices oles san eeiette tat iaa tc sires tia dtc cies 3,960 45,467,660 
16 |, KerniversKerncn.: sauce kA taco ihn saoee ea ee ae 6,100 | 275,944,787 
16| Kettleman, Middle, RB0 I Se enero nee een ako IT os aig ieee aati 200 533,811 
17| Kettlemany North Kern, Fresno iacs A. ce oateeieier oaal cada ols «esis te eB aiecerstaleiets 16,190 | 238,228,073 
18 | Lost Hilla, Kern acer tse ees Annies Aecas alent emiste cts tals Fila eatin tere 2,600 50,045,409 
1) Mo Kittrigk, Kernen ane este actrees eatao ate o ain er ee oh nse cialace ate. «oie 1,525 90,970,410 
DO Midway-Maricopa dh eritises svecvaviins vmvesea/ late etaloeeec tle ernie nia eieie teloiswe 32,480 | 618,189,802 
21) Mountain View, Keri: rctdsesee nag eck Crscs cies actealeae came « smee eis 1,955 38,244,132 
O91 MS: Poso tists :cenm. feu leat weer ation tsa aaa. ck viele dis ai valde hae 2,600 53,786,875 
DSI Pal gts ie GP sentra tc tacsiancika Tht etn wea oest ae eis ate serch Oe Cana 2,000 152,527 
DAY Rightoid Western: Learnt trosear ned sie votes lead On nereine ates haere 1,700 1,418,972 
DBL Bio BLA VO KCl vies ka ok-ale crctrs A cetaioa nish aaa Ske Ce Ee 2,075 8,238,148 
S6l'Round Mountam; Werttcrduais choke ve vince sheglear aeWeute o@igh ka asta 1,720 27,951,867 
DTI UTA G INEPT. ise oc raharareraps rare iattrn sakes oth ea wanes Sea enone ete 320 668,100 
Oo) Ven Beckionss Merirrars cts 'sccte asian sears a alte tiotae Nene’ t's ciate ein leenae ees 2,200 10,353,299 
D0 Wastn Kern tcucse cat ane ne aati d tiseceaeneeniachisie cece pattie 375 ,094,014 
30 oat Ridg6, Kirin) ins ccartotciues tae lun deceren es acieeGeneaanee ae 220 3,816,562 
BY | Othiore ss «maim a5 otinas.cie ate epeeteneraen ae aaa och bits a tule. gale any wronmaate 314,849 
32 he Joaquim: Valley; total GF atcicscceastete t mata ah oes oo ck ieee cee 143,517 |2,371,058,096 
Coastat District 
25|(Canitan, Santa: Barharav ns stk wettty ee tusionpiv csjeiketeriem dfealasis otelnicureiautticrhs 296 4,906,624 
64 Elwood, Santa Barbara wn saehomas waktwec one de otiscee tails eve sign ehiocanicelus 400 67,256,269 
$5) BantaBarbara, ankle, Barbara, ices son wslvwe'a/t vir iin tinaten ie tansicieastenere ae 165 3,279,922 
$6) ‘Summiorland, Sante. Barbara... cscs ean yan oness Oe One a vac cRibeeh ce cneae 180 3,153,813 
ANTA Maria District 
$7| Caamalia; Sanda Barbara, aie xia sas 0'e.s'ce-ibe an wiorecusine sewteeiteatIe ee 1,010 t 
BS} Cat Canyon, Santa Barbara aun ccasscksatoisenud severe Uvoceghn tesa comee 1,430 t 
80) Gato Ridges Sunta Barbarassey wtee cas ccece ary hios viva ecco ctbee ob Reames 360 (4,201,876) 
40| Lomnde) Santa Borba: cae oscounrtP a sisisicgia vice’ oa henley esl Gade ata eeubeee 2,215 t 
£1) Oroutt, Sante Barvard Jose catoas cs wie cs wiwarceiele Uses alone aha cde oabte ioe ae 4,220 t 
42] Santa Maria Valley, Santa Barba, civ cess ics veseian vhs aac kamen 5,230 | (15,300,967) 
42a\\-- Santa, Maria) Diatrint st. ves kre mcecluicnusite ven ba cam clare cremains winiene coreg 159,061,007 
Ventura District 
45|;Panre' Canyons iV @nguras wee tace cassie asia wou aaron ale siaiaie Vowstvem Vastecsi 180 1,340,858 
AA) Rinoat : VGREUN sole 'sipmiegero payee o's eisiite pix olSlns KoA Darrin ed's vive eee DER ICO ee 425 12,544,813 
So San MisGelioy, VemeUund aati trswaicas oclncc ounce hei mitetow Fetus, ort erator: 180 4,804,505 
46 VenturasA venue), Veneurd gnc aeincu arn edvmeiaona ene ancietieclan eeresinee et 1,840 | 225,787,028 
. Ventura-NEWHALL District 
47) Aliso: Catiyon, Los Angelentc:! AG... do. oe aakhivd dalle We oastealle cee hacen 150 (755,961) 
hs Pardadele, pears. paldatars ceasngalcts stamped soak, tegMinliters besivbe Oak eracre tae 287 8 
el Valle, Los OB Ae aces Re eee iene Ate ete, aes anuiniens Beetle ance 500 30,691 
50| Elsmere Cua be Angeles 230 : a 
51)" WxsMinglon, “Ventura. ons. 0s canbe. a ncnece ey Neb sian ata sits. agoetolgtpmar ere ets 130 8 


» Footnotes to column heads and explanation of symbols are given on page 256. 


t, with Santa Maria district. 
:,with Ventura-Newhall. 


0 
10,282 
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TABLE 1.—(Continued) 
ee ee eae ee ue a oT ee 


Total Gas Produc- Oil-produc- Reservoir 
es Number of Oil and/or Gas Wells M en Pressure, Lb. Character of Oil 
eae End of 1940| Per 8a. In. 
- 
During Number AS} 
1940 End of 1940 of Wells rs 
o 
‘ Gravity A.P.I. Sul- 
é To End | During | , = P| S at 60°F., phur, 
S| of 1940) 1940 | =x get olharas 4 zg g Weighted Per 
g Br| 8 e | ho |@ | 2 o2 a y Average Cent 
Ss} 3 6 5A |-3 3 wo | 85 BS a 
4 Bale | S ) Sst s Bo]. ] ad | SH | 8 
g Bal 8 | 8188 |S3|/S3] 6 | gt Be wr |B 
= Oa a pee e@ elm feet fs eae | 2 
tet Max. | Min 
1) With Midway- 249 2) 645 28 22 26.6 
Maricopa 
2) 256,459) 43,654 13 42 64 ll 41 | 30 36 0.56 
3 3 48 1) 215 26 14 24 
4) With Strand 7 10 27 1 3,600 38 | 36 37.5 
5 ‘ 3 15 431 169 24 19 21 
6 2 106 622 23 12 15.8 | 0.45 
7| 10,208 8,806 49 2 97 3,380 | 3,290 34 | 28 33 
8 41 50 27 28 
9 4,601 4,601 20 3 3 30 3 34 | 28 33 
10} With Mt. View ll 3 6 98 26 =| 15 18.5 
11| 78,758 2,846 56 193 25 15 22.1 | 0.57 
12 1 6 21 12} 146 24 14 19.8 | 0.60 
13} 15,096 2,263 18 1 2 32 8 60 | 32 35.5 | 0.28 
14 2 80 371 15 12 14.4 
15 25 11 938 1,268 14 12 13.3 
16| 14,065 1 58 | 48 55.1 
17|1,397,133| 87,861 39| 4] 48 109} 152 | {3500 37 | 34 | 36.5 | 0.30 
18 499 1 1 127 279 36 13 18 
19 9 119 206 18 13 14.2 
20} 363,222} 12,055 26 34 877 1) 1,852 28 12 17.5 | 0.65 
21) 47,339 3,057 3 16 7 174 26 | 21 26 0.44 
22 6 7 60 352 16 14 15.2 
23 4 5 4,820 48 | 55 51 
24 38 42 33 45 40 
25 6,981 3,674 34 2 73 48 | 38 38.5 
26 5 df 24 211 17 13 16.5 
27 3,028 2,907 5 2 8 34 0.37 
28) 16,226 4,099 38 3 80 3,600 : 38 | 33.8 | 35.4 
29 5 1 12 38 37.7 
30 1 34 23 | 23 23.5 
31 799 3 1 32 1 9 
32 177,121 3,294 646] 7,019 
33 3,077 551 2 9 1 44 43 18 28 
34| 60,846 1,940 1 13 1 68 41 | 22 33.7 
35 1 i 2 21 19 14 17 
36 4 6 i 19 17 18 0.84 
58 6 20 8 10.3 | 2.1 
33 1 56 10 15 10 13.5 | 4.5 
39 2 7 12 14 13 13.9 
40 28 7 21 | 20 20.5 | 4.4 
41 2 99 128 26 18 22:6} 1.6 
42 2,284 13 2 24 52) 87 17 13 15.9 
42a] - 6 
4 2 12 31 | 28 29.1 
43] | 14,625] 2.131 133 13} 60 30 | 27 | 30 
45 6,298 790 8 1 18 2 34 | 29 30 
46| 777,947) 33,026 43 2 86 140} 198 50 | 12 30 
3 9 54 | 23 24 
re : 9 1 24 33 | 22 92:1) 17 
48 1 39 
30 9 23 14 16 0.72 
51 24 28 | 24 24.5 | 0.70 
se a a a a 
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TABLE 1.—(Continued) 


Producing Formation Dee ee 


Depth, Avg. Ft. 


Net 
, Thick- 
3 Name Agee ness, Name 
Dawe Top | Bottoms | Avg. Ft. s wet 
a = | &| Prod. | Prod. Sand 5 ae 
A @ |g | Zone | Wells 3s 23 
o a 2 2 BS 
| a Bz] mq 
4a Oo | a a ar 
1| Etchegoin Pli S |15.1] 2,665} 3,500 65 A Miocene 11,720 
2] Etchegoin, Temblor, Vaqueros | Pli-Mio § |15.1 4,917| 7,152 500 A Eocene 9,682 
3| Etchegoin-Temblor Pli-Mio s 810 874 50 A Miocene 11,377 
4| Stevens Mio Ss |20 8,250} 8,297 190 A Miocene 8,350 
5] Etchegoin-Temblor Pli-Mio 8 |25 1,860} 2,076 70 AUP | Cretaceous 9,418 
6 Fine aprdiow Margarita Pli-Mio S 900} 1,580 80 MUP | Cretaceous 4,883 
7| Avena Eoc § 22 6,400] 7,440 360 MU _ | Eocene 8,416 
8} Avenal Eoc S$ |25 8,100} 8,208 130 MU | Cretaceous 9,614 
9] Stevens Mio S |24 8,070} 9,621 100 MU _ | Miocene -| 9,777 
10} Kern River-Temblor Pli-Mio 8 2,000} 2,239 125 MU_ | Granite 800 
11] Etchegoin Pli 8 2,600} 3,115 55 A Miocene ; 8,404 
12} Etchegoin-Chanac Pli iS] ee one 7 MU _ | Schist-Jurassic 8,531 
13} Stevens-Vedder Mio § |22 { 11'430|11'500 95 } AM Lower Miocene 12,504 
14] Etchegoin Pli s) 1,700} 2,175 60 MF | Miocene 2,650 
15| Kern River Pli s 400 837 300 MU | Oligocene 4,852 
16] Temblor Mio 8 7,350) 7,285 57 A Miocene 9,138 
17| Temblor-Avenal Mio-Eoc | S$ |16 { he iaae \ _ A Eocene 11,746 
18] Etchegoin Pli 8 1,170} 1,204 80 A Miocene 7,858 
19] Etchegoin Pli 8 800} 1,107 90 MUF | Miocene 6,664 
20| Etchegoin-Maricope Pli-Mio S 1,950} 2,095 65 MF | Miocene 9,735 
21) Chanac-Sta. Margarita Pli-Mio 8 5,140] 5,589 70 MF | Miocene 8,419 
22) Vedder Mio S (35 1,600] 1,745 90 MF | Granite 3,130 
23] Stevens Mio S {20 10,030} 10,175 122 A Miocene 11,216 
24) Stevens Mio S 24 8,790} 9,580 600 MU _ | Miocene 10,120 
25] Vedder Mio 8 11,249} 11,495 200 A Eocene 14,108 
26] Jewett, Vedder Mio S |34 1,600} 1,861 66 MF | Oligocene 6,070 
27) Stevens Mio 8 8,200] 8,325 50 D Miocene 11,260 
28] Stevens Mio Ss |22 7,850} 8,216 200 A Miocene 8,984 
29] Vedder | ‘ Mio § 18 13,100] 13,143 32 A | Eocene 15,004 
a Etchegoin-Sta. Margarita Pli-Mio 8 |26 2,000} 2,717 y A Oligocene 11,204 
32 
ee. 1,400 
33] Vaqueros-Sespe Mio-Olig} § 1,150)  9'734 305 AF | Sespe 4,071 
34) Monterey-Vaqueros-Sespe Mio-Olig} S [25 2,800: 13'008 320 AF | Eocene 7,157 
35] Vaqueros Mio 8 1,960} 2,003 45 MF | Sespe 4,730 
36] Pliocene-Vaqueros Pli-Mio 8 400} 1,600 y A Sespe 5,041 
37| Monterey Mio H 1,200} 1,679 Fis A Miocene 3,900 
38] Monterey Mio H 2,000} 3,000 Fis A Cretaceous 7,199 
39] Monterey Mio H 1,800) 3,255 Fis AF | Vaqueros, Miocene | 6,510 
40| Monterey Mio H 2,200). 2,711 Fis A Miocene 4,310 
41] Monterey Mio 8, H 1,100} 3,175 Fis A Sespe, Oligocene 5,815 
a Monterey Mio 8,H 4,000} 4,488 Fis MU | Franciscan 8,133 
43) Repetto Pli 8 4,800} 5,872 350 AF | Miocene 6,566 
44) Repetto Pli 8 2,500} 4,000 y A Pliocene 7,291 
45] Repetto Pli 8 5,500} 7,042 680 AF | Pliocene 10,030 
; 6,244 6,629 
46| Repetto Pli N] 3,400] < 7,188 { , \ A Pliocene 11,070 
9,240 § | (3,000 
47) Repetto-Modelo Pli-Mio 8 4,795| 5,287 200 M Miocene 8,200 
48] Sespe-Tejon Olig-Eoc | 8 500 888 y A Eocene 6,804 
49] Modelo Mio 8 6,037) 6,954 180 A Miocene 6,954 
50] Repetto Pi § 240 800 y MU | Jurassic schist 2,117 
511 Repetto Pli 8 500! 1,585 y MF 
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TABLE t.—(Continued) 
ea ewe 


Area 
Proved, | Total Oil Production, Bbl. 
Acres 
Year 
‘ of 
Field, County Dis- 
S cov- 
a D 
g ery Oil’ to Bed of During 1940 
Zz 
EI 
| 
De lAonbar Canyon, VeMUra. ..crssk deosees cut auahddeseninsatogen una Boast 1887 153 8 48,490 
Be NLOURIO A entUr Gs AMR hick cot ey oN et Rie emia tlh 1898 60 8 4,622 
PAMNeWIHAH Potrerd, L08-AMmgelés....cccas sceo% occwlain nwo a surawlen diva tin ae a 1937 156 (1,277,138) 605,384 
SRA AV CTU Certo. eee ater feastertar nee ie aiols Menace ot TC ae aoe 1937 490 8 89,140 
66}, Pico Canyon-Newhall, Dos Angeles... ..ccc ls ss acusucucdevcvecevsceceecs 1875 110 8 36,004 
BAR IeeDO A VeNIUTOL Daman. Won ie -ucnree Nek vac miedo tian Wwe eels aint ak 1887 289 8 91,314 
BO ENS OAM VODs. V.ONUUG./. 20 <1 .cos diy cee wrerey crear ceaablune Scab cmeicceaeee 1911 510 (10,149,344) 421,978 
BREN PSIFL MULAN TUT Cte Noto axa ls eRibydllo 6.0 she taint Mie eee oie wera alike GRILL 1912 635 8 31,624 
BUiine-swerthread, Venture: «acts at saps + /s,aicieos eje alsleed s siatejse's 2c) aces alma ewe 1885 330 8 42,916 
DU sauthoMounbainy Venturdeed. cg. ip saa oe oe siZGs oe aventeworauev oulince 1916 785 (21,854,398) 572,260 
SANE SUMO MUN HNO IE CTILUNG alc, Saicras xcs zyreteratale: chy actrelate evtte haath aw ”oinayelsievs!acls bEEine « 8 2,767 
Ries Pea OSE SOR AAMC ENUUTEE = cn eae Nc alpiiteane misksinjoal eae ae Crs Tic hades eee 8 9,834 
CEILS RESIST! UG DTG AN Sl en Bae a a en Se Se nee Oe 8 221,535 
DMM IOCE CANYON LV CTUUTE is «h soitin tne Medio the pork sis StoGeloe Rolelerolemrsacieiekeen De 8 9,570 
BOWE MERMOSUNOW WE .5) VBTUEUNS A.lalecis oj ckecacie’eaivls eewidie Rlovsns ululatove cicveisiasageeminane th 8 11,199 
Ue OnCeva CAIN Olli V CNEUNE rs win120 de cavers Weir aye eleynsielastivd xian cae a ine sare ndtnieh 8 58,523 
68| Wiley-Towsley Canyon, Los Angeles $s 3,604 
68a] Ventura Newhall District...................ccceeceee 65,064,425 
Orsmr CoastaL CouNTIES 
Ra MRETI SIC OUTA OUEEDO® yas’ loce coh apclvs tre oe wre ssn Ener nen beats ochlabau ne 736,253 6,572 
HAO PERL STATE SEE P IDOLS OVERDO! a <p ieiane eons voisce anche ave Ooo te arewel tye ow hia reine dcelwveislabeueiet «A 96,838 13,468 
ma dialt Moon Bays San Mateo... dese src gales icles tleeevaeonevsuiee 40,863 1,588 
72| Sargent-Los Gatos, Santa Clara 363,049 12,658 
es Me OSE AL DSGTIOL GOLAL gcoicce acun via nates ate she x aid alee OS's My Sonainte le Waen os 24,023 548,436,267 28,523,795 
Los AncELEs Bastin 
ed PALATAT DOD ML TORE MICE orami i n.ac dotecbiusrcn wiuslcaodies a tie vavq onpinia we Beate on 1931 85 23,743,154 454,025 
(OS UB eS hCGINN GEO ITT 8 © Coy Sake Oe en a ey a er 1889 | 1,900 | 165,843,345 2,026,940 
PS EOUOLE Lash Mage: coe SIME sini whealajss s w7ssyar-e vaaiase hiare chong, a alee binvets 1911 1,080 81,097,370 1,360,669 \ 
BOOM Obes WOBUN OT ANGE Mees, cva\e woreysfeclove avs wore sicicicies Siete saksiyysivie sold. chelates 1909 985 83,495,714 2,653,159 
#7) MU OMIT OM TOS PA TELER: ois cik.a = sveverucdialg vfs ove cutie: Sve cualel CA 0) elava/ePauwlard vel ea) ciacoe”s 1923 1,054 121,776,268 7,660,340 
OREM URS ue NEL OF SO SPAUITEL OBI mr, occrt Hivcidciveiciecs cen dv Aastarche csmae tiene dieante dea on 1935 930 9,615,162 777,708 
80| Huntington Beach, Orange................-... i OR ES ITE 1920 | 2,100 | 290,318,848 9,494,637 
UNMATPLEWOOU LOS ANUICLES! © radaivienle die eisislo “Wale ecniele State Sanles alas’ e Heljteare 1924 780 | 120,803,397 4,363,977 
iil Sea EES WY) Ae CRs A rae Pee ee ee ee ee eR 1928 72 1,060,287 14,543 
aeeel MEINE DES CH CHLLIO SLA NETOLERs rc aves Sin) e islerecin/ols «ote a atten Peiniovaye oa aus siefoye@Petece 1921 1,600 | 649,147,806 15,801,432 
Ra POS AMPCLeS DSUs LORCA MUGELER poles eistalascisia\eiere,vmisisyet’s #eit(ale) view olere veya eis eieure 6 1892 | 1,627 65,844,277 179,414 
Pes VL OT LEDC LLOy LUISA TIIELEB S wrcrv's. at aeletciars ois wis nerve ishseiatetalogsar Ole aloes, Saveinncicle 8 1917 | 1,658 | 122,389,875 7,180,973 
BOI RVSACEL REM 1 Ii108 ANGELES «cri cleticrsleys cas a1 nie. stritaleleidleierd « Gjepavl oialetataeleieia ae 1934 615 46,200,056 1,462,182 
MANE EET DAI PS CIGCTOR Dele oc) sete c. Galvin bleteis' o.3,¢aSreelmawae’s gems sles sas meses 1928 120 3,567,044 680,527 
Po SAIMERICCEISTOR RODE ARG Caer Pet Rey cen Ato, ial ie spstcua7eolsl de dei ete famtasioyos Po a 21abe SPaghln teacelohie a 1919 | 1,290 89,644,290 2,973,180 
89|Rosecrans-Athens, Los Angeles...0.0. 00 0ccs es disstuvsccncecsassvaterune 1924 790 44,748,373 4,180,094 
OO) Pattee Springs, 08 ANGELES, «saree o sisvase, ci a's.o-e190e evesele'b eia dloyaia(e aint wate alee 1919 | 1,630 | 468,638,053 9,429,736 
BUR Nees NESE CN ET ES cA TEL CS ac state vola ave cierto viele vessse Sted ¢ 5 aivle ai auye it sie e Inceiteeye = 1926 240 63,672,983 2,094,735 
AIRIOTIAU COMORIAN CIEBG a ee crcter tar Cicvore stele, olen siete alla a ee ose@aias Cape Qe See 1922 | 6,905 | 101,062,314 3,913,970 
RIUM NALCLTCT DI SOSPAUIQOLEB crt: a ayatyemarete= heal eiahe,oerein ova) «aicks, urvb vis)t sietettlave: se siete Clee 1898 600 18,245,827 185,731 
94] Wilmington, Los Angeles............... .| 1935 | 4,400 | 109,478,802 | 30,131,651 
PUPS IMEC CRULIOR AMR CUGS ctesarsret hid acs eisio'aro) leis avecsiels for dvslers\ nenle save drwle-o e104 ara selec abe 2,799,106 248,861 
MSN S A TICES AGI COU irs. \orslo clei diets ie wei wists tise etalt a wie etistacd e siea,slers ave w 30,461 |2,683,192,351 | 107,268,484 
MAUMEE (Re ACE ADs} COV DAD erie Srcvacaetecne atin SEE Movin ecatielareteia av hielo lees) ob Oieissatvielivie Gace 198,001 |5,602,686,714 | 222,784,386 
Gas? B.tu 
BB BrureleassEtUmbol dla. -/ateiein's sls ecvvaisiaieie cis ons Clbiale!s\ o/s. cin\s 4 e nie aleielels eca(gisieisias)=i+ 800 940 
99| McDonald Is., San Joaquin 1,500 965 
BUI MOET GEO ETLIL Gy 1)9 GLATUO Ls statuareisiere sia) aricte Tele oialevty a)s|ttele oiele-eiololvie 6 aie elpieGeisle Siaielalewia 100 941 
TOT Rio Vista, Sacramento; SOUUNO. . jeccctcs ci celsicscseenscueties ss eerie envied» 1936 | 20,000 1,040 
102] Sutter Buttes, SUMET ooo ere cee teeter n sees tec an ee dieaetesrtesrens 1933 120 1,016 
MME ACU AS EIT OUTS oe Sete nIe TE © Gi alse vieisieloa\< sia ale atereis So sivio.asine.n 500 
104] Willows, Glenn....... 100 bd 
NIBH ARTCLOECT OILS: S701 0 strays atord atts aoe aievan casket stererlo/es's\= slaystleietajes stemtn ea 150 9 
San Joaquin VALLEY 
HusWBuens Viste. Dake, Kern... 0ccesssscvcseee?ueseeer ses sue 
107) Buttonwillow, Kern....2....-6..00e deste eee eee cee ees ae aa 
GM Ror Ghill a UM Gero Ae vac eee areravets, aie;e.nysts imiate nye tok 4 visiaialeleleie  dlesere arejareis 
GSA On ap WaGrrOkanau a0 lene a canitorctiud 6 SOc OtenD Ser se Ren Ooo cd a manCnry cr ne aap 
TO MSeraitropic,yehiie tamascateiecrctecteist tenis catrre aval etaie tact carsrviale ee biel baa' ms ipaonie 
. CoasTaL 
GIANG Olea SAT, DATONG. nes cin niente” cetera colts sles tleids dls anc bee ews 
} 
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TABLE 1.—(Continued) 


Total Gas Produc- : Reservoir : 
tion, Millions Number of Oil and/or Gas Wells Prone Character of Oil 
Cu. Ft. End of 1940 per Sq. In. 8 
Durin Number re 
1940” | End of 1940 | of Wells 3 
_ 48 = Gravity APL. 
=| ToEnd| During | =¥ bE | ea ee at 60°F., 
4 of 1940 | 1940" Ba| 3B) Bles Oz m | Weighted 
5 ss] 2 8 ee pe 8F Fa Average 
Beg a =} 3 ied ce, & 
g Ha] a | 85 | wr | & 
E é4| § | 4 | é4 a Ee| 2 
52 1 
53 1 
54 
55 
56 
57 
58 With So. 
Mountain 
ee , 
6 : 
61) 61,651 4,163 23.9 
62 15.5 
63 22.4 
64 22.0 
65 28.7 
66 2207 
67 27.5 
68 23.6 
68a 
69 
70 
71 
72 
73 
74 
75) 56,949 
76| 49,429 
77 
78) 199,679 
79 7,166 
80} 299,336 
81) 88,762 
82 
83) 857,299 
84 
85) 80,666 
86] 48,500 
87 
88) 82,573 
89| 110,128 
90| 665,868 
91) 97,038 
92) 73,952 
93 
94| 64,724 
95 550 69 
96 762| 5,490 
97 
Gas Fisups 
98 3 
99) 26,024 6 
100 1 
101; 20,114 8 
102 2,560 4 
103) 8,975 6 
104 1 
105 14 2 
106 3,420 6 
107} 18,180 27 
108 3 
109 6,550 
110 3,701 


14,887 
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TABLE 1.—(Continued) 
ce 


F i Deepest Zone Tested 
Producing Formation to End of 1940 
Depth, Avg. Ft. 
= Net 
aS Thick- 
r= Name Agee — Ms Top | Bottoms ness, < Name 
Ss 2 | Prod. | Prod. | Avg. Ft. = Se 
ZA oS | 4 EI 
x s @ | Zone Wells Sand 8 4s 
q a0 
3 a |é B ee 
52) Modelo Mio Ss 1,500} 1,828 y A 
53] Modelo Mio Ss 180} 2,050 y A fae 
54| Modelo Mio S 6,160} 6,917 y | AF | Miocene 7,421 
55| Modelo Mio rs) 2,100} 2,905 y MU | Miocene 4.285 
56} Modelo Mio 8 858) 1,611 y Eocene 4300 
57} Sespe Olig § 400) 1,651 y A,S | Oligocene 3,595 
58] Sespe Olig § 100} 2,000 640 A Eocene 7,423 
59| Meganos Eoe 8 1,100} 1,213 y A B 
60) Sespe Olig 8 315| 683 MF es 
61] Sespe Olig S 2,200] 3,362 956 A Eocene 6,702 
62| Modelo Mio 8 2,000} 2,500 Fs ML 
63] Modelo-Sespe Mio-Olig} § 500 995 y A 2,956 
64| Modelo Mio 8 2,000} 2,411 y A Miocene 4,584 
65} Repetto-Modelo Pli-Mio § 300} 2,605 y MF | Miocene 3,300 
66) Modelo | Mio 8 844} 1,044 y ML 
67| Vaqueros-Sespe Mio-Olig} § 700} 1,368 y AF 2,500 
68} Modelo Mio 600} 1,016 y AF 4,400 
68a 
69} Monterey Mio H 800} 1,200 y A,S | Jurassic schist 2,125 
70) Monterey Mio 8 2,900 y 8 
71| Purissima-Monterey Pli-Mio SH 1,379) 1,600 y ML | Miocene 7,982 
. Monterey Mio SH 00} + 1,500 y AF 
74| Repetto-Puente Pli-Mio 8 4,635] 5,810 150 AF | Miocene 9,054 
75| Repetto-Puente Pli-Mio i) 260} 3,026 800 AF | Miocene 8,021 
76| Repetto-Puente Pli-Mio 8 2,450) 3,607 153 AF | Miocene 9,084 
77| Repetto-Puente Pli-Mio 8 2,800} 4,471 473 D Miocene 8,144 
78) Repetto-Puente Pli-Mio S |28 3,800) 5,189 1,900 AF | Miocene f 12,120 
79| Puente-Schist Mio-Jur | 8-Fis 6,890} 7,316 100 A __| Franciscan schist | 8,009 
80} Repetto-Puente Pli-Mio S (33 1,900} 4,009 490 | AF-MF | Miocene 9,054 
81] Repetto-Topango Pli-Mio 8 1,078) 2,597 1,165. AF | Miocene 8,760 
82] Repetto-Topango 5 6,375] 5,841 y MU_ | Miocene 7,405 
83] Repetto-Topango S |30 2,377) 5,264 1,600 AF | Miocene 10,720 
84! Repetto-Topango S 475| 1,04 y AF | Miocene 5,074 
85| Repetto-Topango 8 1,730) 4,422 850 A Miocene , 8,468 
86] Repetto-Topango {Pli-Mio § 3,350| 5,371 90 A Franciscan schist 7,048 
87| Repetto-Topango Pli-Mio S |29 3,640} 5,605 400 AF | Miocene 8,376 
. 88] Repetto-Topango Pli-Mio 8 2,900} 4,057 300 A Oligocene-Sespe 10,496 
89] Repetto Pli-Mio Ss |22 4,035] 6,150 210 AF | Miocene 10,389 
90) Repetto Pli-Mio S |29 3,470] 5,373 490 D Miocene 11,314 
91 Pli-Mio 8 4,314) 5,441 200 AF Miocene ; 9,054 
92] Miocene Mio 8 |27 2,637) 4,220 260 AF Franciscan schist 6,957 
93] Repetto-Puente Pli-Mio 8 200} 2,109 270 MUF | Miocene F 5,040 
94] Repetto-Puente Pli-Mio S |28 2,820) 3,631 423 AF Franciscan schist 6,814 
95 2,314 
96 
97 
Gas Fraups 
98] Repetto Pli SH |26 3,800} 4,900 110 A Pliocene 7,708 
99 Capay Koc $ 5,178} 5,216 38 D Cretaceous 8,810 
100} Cretaceous Cre i} 3,235] 3,265 30 D Cretaceous 5,334 
- 101} Domingine-Ione Eoc ss) |B 3,800} 4,344 240 AF | Cretaceous 7,029 
102} Cretaceous Cre § 2,700} 5,855 87 MU | Intrusive rock 6,900 
103} Cretaceous Cre 8 32 3,926) 4,070 100 D Cretaceous 9,690 
104] Cretaceous. Cre fs) D Cretaceous 6,014 
105} Cretaceous Cre 8 A Cretaceous 5,181 
106] Etchegoin Pli Ny] A Miocene 11,186 
107 miisllcaoin Pli 8 Pliocene 4,946 
108} Eocene eg S Cretaceous 8,377 
Cretaceous Cre A 
109] Etchegoin Pli 8 iocene 11,468 
110] Etchegoin Pli 8 -Miocene 9,700 
Hocene 


Vaqueros 
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TABLE 2.—Summary of Drilling Operations in California 


Important Wildcats Drilled in 1940 


ae Pressure 
F Initial Produc- i 
Location : Choke| Lb. per 
tion per Day ~ Sq. In 
7 |petth,|_. Deepest Drilled b Misti 
County re en Horizon Tested cs # s Peony a 
Sz | of an to 
: Pua an Inch | 2 |-2 
s| Fl & sma 185 4 |3 
Slal a clea (ited tes, 
1| Fresno...... 14/208 |18E | 10,747} Miocene The Texas Com- Deep test Boston 
pany i Co. Dry 
ole 
2| Fresno...... 29/148 |13E | 8,730} Cretaceous A. TT. Jergins |/15 bbl. per |1.3 | 3364 | 325/100] Cheney Ranch 
Trust day con- 
ensate 4 
3 | Fresno...... 23/178 |15E | 10,116) Cretaceous The Texas Com- | 15 bbl. per 464 | 700|100) Discovery well 
pany day con- Turk anticline 
; E densate - 
4|Fresno...... 4/228 |16E | 11,020) Cretaceous Continental Oil Deep test Jacalitos 
dome. Dry hole 
5 | Fresno...... 24/178 |15E | 10,307] Eocene The Texas Com- Deep test Turk 
, pany —— Dry 
e 
6) Karna sereb ss 13}11 N}22 W | 13,873] Miocene Shell Oil Co. Deep test San 
Hanae dist. Dry 
ole 
7 | Wernt sca sc 23/29 N/24 W | 12,144] Miocene Union Oil Co. Deep test Button- 
4 willow. Dry hole 
8) Kern... dins 1/32 |24E | 11,743} Miocene General Petro- Deep test E. Flank 
leum Corp. Le V. Hills. Dry 
: ole 
9| Kern....... 12/28 |24E | 13,028) Lower Miocene| Continental Oil Deep test Shafter 
? dist. Dry hole 
10 | Kern....... 22/298 |17E | 10,590) Basement Com-| Western Gulf Oil Deep test Fruit- 
plex — field. Dry 
ole 
11] Kern: 2.:.. 4/22 |19 11,885]Vaqueros (Mio)| Shell Oil Com- Deep test Tulare 
E pany lake. Dry hole 
12 | Los Angeles. |16} 4N|17 W| 6,954} Miocene> R. E. Haven- 504 = {0.25 | 3364 | 2,800/175| Discovery well Del 
, strite Valle field 
13 | Los Angeles.|17| 28 |14 W| 8,760) Miocene R. R. Bush 700 |0.75 | 294 | 700) 0] Disc. well, Mio- 
cene zone, Ingle- 
: ‘ wood field 
14 | Los Angeles. 13 W | 8,097| Miocene Thorley Oil Co. 360 |0.225) 3664 | 500) 50) Deep test 
Athens-Rosecrans 


Number of dry holes completed during 1940: wildcats, 114 (583,537 ft.). 


TABLE 3.—California Oil-field Development Table 


Initial Production of New 
Number Number Numb . 
Drilling Drilling Number | producers | Percentage | Wells, Daily Average, Bbl. 
Year Notices Wells Producers Completed | of Increase 
Filed Abandoned | Abandoned | (New Wells) | Ot Decrease! 
Per Well Total 
1930 918 254 320 755 775 584,521 
1931 329 238 177 246 1,481 364,434 
1932 279 191 172 184 852 seta 
1933 596 163 215 248 1,105 274.104 
1934 631 247 200 449 1,190 534,508 
1935 986 347 203 710 954 677,320 
1936 1,102 320 208 786 471 370.227 
1937 1,643 313 273 1,156 560 647,331 
age hee 1,242 1,234,482 
, I,314 1,118,102 
1940 1,040 1,428 1,270,756 


1 Decrease. 


out 
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fault-line extension was discovered, yield- 


0. dis- 


x 


Inglewood Field—The Bush Oil € 
covered a new deep Miocene zone in the 


Inglewood field by completing its Sentous 


ing 1500-bbl. wells of 32° gravity oil from 


the Miocene- beds. 


This discovery has 


expanded the limits of the field by about 


50 acres. 


No. 1 well on the west flank of the field for 
150 bbl. of 32° gravity oil from a depth of 
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producing zone in the Bush well is con- 
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An extension of this field to the northwest 
indicates that the Torrance and Wilming- 


dications are that 1041 w 
ton fields will be contiguous. 
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Deep drilling 


on the Inglewood structure shows that the 
fold is very asymmetrical at depth, with a 


the Los Angeles Bas 


SAN JOAQUIN VALLEY DISTRICT 
Coles Levee and Richfield Western Fields. 


Fifty-eight wells were completed in these 


southeast 


steeply dipping east flank. 
Rosecrans Field—On _ the 
plunge of the Rosecrans field, an ad 


tional 


eye 


two fields during 1940. The area comprising 
these fields was the second most active area 
in the state. Development to date shows 
that the Coles Levee and Richfield Western 
fields are separate structures. The Coles 
Levee field is an overlap accumulation with 
about 2915 proved acres, while the Rich- 
field Western field is an anticline with 
approximately 1730 proved acres. 

Midway-Sunset Field—The Republic 
Petroleum Co. discovered a small closed 
structure in the Santa Margarita shale, 
west of Taft, by the completion of its No. 1 
well. This well was brought in on the pump 
for 165 bbl. of 17.5° gravity oil from a depth 
of 1887 ft., producing from about 60 ft. of 
net sand. The productive area of this 
accumulation is estimated at 80 acres. 

Paloma Field.—Paloma field, discovered 
in 1939, now has five producing wells. Data 
recently developed indicate a large pro- 
ductive area. This is the first distillate field 
in California to be recognized as such in 
advance of developments. 

If an agreement between all operators in 
this field can be concluded, the gas will be 
recycled in order to obtain the greatest 
ultimate recovery. 


CURTAILMENT 


Voluntary curtailment continued to be 
effective, and although production was 
generally above the state quota the average 
was well below the state market demand, as 
evidenced by the decrease in total stocks. 
During the year the top allotment to new 
wells was decreased from 195 bbl. per day 
in January 1940 to 148 bbl. per day in 
January 1941, a drop of 47 bbl. per day in 
12 months. During the same period the 
state quota set by the Conservation Com- 
mittee of California Oil Producers de- 
creased from 594,000 bbl. per day to 
570,000. 

New completions during 1941 will require 
approximately 80,000 bbl. of new allot- 
ment. Decline, suspensions and abandon- 
ments will average 5000 bbl. a month, or 
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60,000 bbl. of allotment during the year. 
Therefore the 938 top wells and the 8000 


intermediate wells must be declined to 4 


make room for this 2¢,o00 bbl. of new 
allotment, unless conditions warrant an 
increase in the state quota of 570,000 bbl. 
If this is done, the top allotment probably 
will not be decreased below the present 
allotment of 148 bbl. per day. 


ADVANCES IN DRILLING AND PRODUCTION 
PRACTICES 


The past year showed a continuation of 


~~ 


recent year trends in drilling and producing © 


equipment and methods, chiefly the closer 
application of engineering principles toward 
individual jobs rather than the system of 
the past of applying the same method to all 


types of drilling. Outstanding has been the © 


reduction of cost and drilling time in deep 
wells by means of engineering analysis of 


performance data and records of drilling © 


aids such as gauges of table speed, drilling 
weight, pump speed and mud properties. 


The cost of drilling shallow marginal — 
wells has been cut sharply by the use of — 
portable and semiportable drilling machin- — 
ery driven by gas engines. Whenever the — 


market for oil becomes stronger, it is prob- 
able that a considerable number of shallow 
wells of this type may be drilled in some of 
the older fields. 

Producing methods have followed the 
same trend as drilling; that is, application 
of engineering to individual problems. 
Larger volumes of oil from deep wells are 
being pumped with equipment of conven- 
tional type. A means of pumping new 
marginal wells cheaply is still urgently 
needed, since the cost of satisfactory 
pumping equipment is excessive as com- 


pared with the new lower drilling costs. 


CONCLUSION 


Because of lack of proved locations in the 
state, it is estimated that not more than 700 
new wells will be completed in 1941. In- 
creased wildcat activity and repair of old 
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wells will probably bring activity up to 
normal. 

Pacific shipments probably will be de- 
creased about 20,000 bbl. per day, owing to 
additional shipments to Japan from the 
Dutch East Indies. Readjustment of 
Pacific markets will compensate to some 
extent for loss of Japanese shipments. 

Increased industrial activity will tend to 
raise domestic demand sufficiently to make 
up for loss in Pacific shipments. Total 


demand for petroleum protucts in the 
Pacific Coast area, therefore, should be 
normal in 1941. Withdrawals of fuel oil 
from storage during the coming year are 
expected to be 15,000,000 barrels. 

Wildcat mortality in California con- 
tinued to be high and will tend to rise as 
the potentially productive area is reduced. 
In contrast with previous years the dis- 
coveries and extensions during 1940 were 
mainly in the Los Angeles Basin. 


Oil and Gas Development in Illinois in 1940 


By Arrrep H. Berr,* MemBer A.I.M.E., AND GEORGE V. COHEE{ 


ILLinors produced 146,788,000 bbl. of oil 
in 1940, or nearly 11.0 per cent of the total 
for the United States, and ranked fourth 
among the oil-producing states. Its produc- 
tion was only slightly less than that of 
Oklahoma, which produced 11.5 per cent 
of the national total. Illinois’ production 
in 1940 represents an increase of 55 per 


cent over the previous year, when it 
amounted to 94,912,000 barrels. 
The development of the Devonian 


limestone in the Salem and Centralia fields 
is largely responsible for the increase in 
production during 1940. Production from 
the Devonian limestone in these two fields 
was estimated to be 36,698,000 bbl., or 
25 per cent of the state’s total production 
(Table 1). The increase in production 
during June, when the state’s daily average 
production attained a peak of 518,200 bbl. 
for the week ending June 29, was due to 
the Devonian production at Centralia 
(Fig. 1). The initial production of the best 
Devonian wells in the Centralia field was 
as high as 12,000 bbl. in 24 hr. Daily 
average production in Illinois for 1940 was 
400,000 bbl. of oil, but actually daily 
production fluctuated widely during the 
year. At the beginning of 1940 daily pro- 
duction was approximately 330,000 bbl. 
During the first half of the year it in- 
creased irregularly to the peak in June 
mentioned above and as the prolific 
Devonian producing areas were drilled 
up, the state’s daily production declined 


Published with permission of the Chief, Illinois 
State Geological Survey. Menuxednt received at the 
office of the Institute April 19, 194 

* Geologist and Head of the Oil and Gas Division, 
Illinois State Geological Survey. 

} Assistant Geologist, Oil and Gas Division, 
Illinois State Geological Survey. 


rapidly during July and continued to 
decline, although more slowly, until the 


end of the year, when the daily production 


was approximately 325,000 bbl. The daily 
average production per well in the new 
fields at the end of the year was approxi- 
mately 4o bbl. (Fig. 1). 

Oil from the Devonian was also produced 
in the Bartelso field, Clinton County, the 
Sandoval field, Marion County, and the 
Irvington field, Washington County, bring- 
ing the estimated total production from 
the Devonian limestone to about 26 per 
cent of the state’s total production. The 
remainder was obtained largely from the 
Mississippian system. 

About 2 per cent of the total was from 
Pennsylvanian and Ordovician strata. The 
decline in the Devonian limestone produc- 
tion has been so rapid that the 1941 output 
from this system will probably be only a 
small fraction of that of 1940 unless large 
new reserves are discovered. 

The “Trenton”? (Ordovician) limestone 
has been tested in two wells in the Centralia 
field and both were small oil producers at 
a depth of about 4ooo ft. The “Trenton” 
also was found productive in the Salem 
field at a depth of 4500 ft. (Table 5s). 
The initial production of the discovery 
well, which was completed shortly after 
the end of the year, was 130 bbl. on pump. 
Other wells drilled early in roq41 had 
initial productions averaging 172 barrels. 

The outlook for 1941 is for a continuation 
of drilling activity in Illinois, but at a 
declining rate (Fig. 1, upper curve). 
The most active area at the end of 1940 
was in the deep basin area in Wabash, 
Edwards, White, and Hamilton Counties. 
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TABLE 1.—Oil and Gas Production in Illinois 
“oes a EO eee 


alla 


ANS 


> Footnotes to column heads and explanation of symbols are given on page 256. 
1 Total of lines 2, 6, 10, 11, 15, 22, 27,32. 

2 Includes Kibbie, Oblong, Robinson, and Hardinsville. 
3 Includes Swearingen gas. 
6 Total of lines 37, 41, 42, 43, 44, 45, 46. 


Total Gas 
Area Proved, | Total Oil Production, Bbl. evenens ee ee 
Cu. Ft. 
During End of 
Year 1940 1940 
Field, County AS zg 
covery = 
To End of During 
Oil | Gas | “1940 1940 E : 
be 20 TR Q 
3B 1 basse > 
E es |2/35/E/8/ele fs 
Z 4 fees! 21-8) ol ce 7 is 
S 8 2, a als =] 
2 os | 5 | fe | 8 | 2/8] 8a [8 
4a JTS BS eee on cele Oa as 
1) Warrenton-Borton, Hdgar.| 1906 100 0 30,000 345 0 0 22 0} oO} 14 0) 0 
2) Westfield, Clark, Coles....| 1904 | 9,000 75 z cc x 0 | 1,627 3} 26) 14) 311] 0 
3 850 75 x x x 0 186 Ole st y| 0 
4 9,000 0 x x E 0 1,448 2} oO} Y¥ y| 0 
Deane 220 x x x 0 13 0} O; ¥ y| 0 
6| Siggins, Cumberland, Clark} 1906 3,580} 105 x 2 x 0 995 0] 31} O} 812) 0 
7 8,135 55 z x x 0 854 Oo} y}| Oo y| 0 
8 435 15 L L z 0 90 0} y| 0 y| 0 
9 855| 105 x r z 0 192 0} y| 0 y| 0 
10| York, Cumberland........ y 310 40 2 zr x 0 70 0} oO} 0 44] 0 
£1) Casey; Clarkci.6..00 0s 1906 1,925 55 z z x 0 533 1} 0] 0} 4s9lo 
12 190 15 z x x 0 41 0} Oo] 0 y| 0 
13 400 0 x = x 0 82 0; oO} 0 y| 0 
14 1,525 15 # o x 0 320 1} 0} 0 y| 0 
15| Martinsville, Clark....... 1907 710} 155 z z r 0 215 St 10)" 2) 1121 0 
16 15 20 x x x 0 7 Oo} yl y¥ y| 0 
17 275 35 fe x x 0 63 Oo] vy) ¥ y| 0 
18 710 0 x x 0 22 Dey oy y| 0 
19 600 0 ie x x 0 34 Oo} yl y y| 0 
20 640 0 £ A x 0 39 0} yl y y| 0 
21 10 0 L x 0 0 2 1) yl ¥ y| 0 
22) North Johnson, Clark..... 1907 1,320 20 x z z z 485 0} Oo} 0} 433] 0 
23 1,115 0 x x x z 296 0} oO] 0 y| 0 
24 160 0 x “i x 2 32 0} Oo; 0 y| 0 
25 820 5 x x x x 177 0} Oo; 0 y| 0 
26 ‘ 215 0 x a 0 0 44 0; Oo; 0 y| 0 
27| South Johnson, Clark..... 1907 1,715 65 z L x £ 535 0} 0} O} 4791 0 
28 185 5 v x x x 38 (0) en) y| 0 
29 295 0 x z x x 59 0} Oo] 0 y| 0 
30 1,675] 35 x x a | a 402} 0] o| 0 yl 0 
31 845 5 x a x x 170 0; 0; 0 y| 0 
32] Bellair, Crawford, Jasper. .| 1907 1,300 5 Ar x x z 486 0} 0} 15) 380] 0 
33 1,165 0 x x x < 310 0} OF 4y, y| 0 
34 315 0 x 3 x x 65 0} O| y y| 0 
35 =m 910 0 z ad x id 182 0} Oo] y y| 0 
36| Clark County Division!. . . 19,960] 520) 52,723,000 335,000 2 y 4,946 6] 67] 31} 3,060] 0 
37] Main,? Crawford.......... 1906 | 35,135 515 x x x x 7,323 1/133]160) 4,862] 0 
38 340 0 oe z x x 68 oO} yl y y| 0 
39 33,795 510 x x x x 7,142 1} yl y y| 0 
40 1,000 0 x x x zr 108 Oo} yl y y| 0 
41| New Hebron, Crawford. . .| 1909 1,350} 210 a x z £ 297 0} 28) 0] 146] 0 
42| Chapman, Crawford...... 1914 1,045] 515 x x x x 193 0} 7) 10 61] 0 
43| Parker, Crawford......... 1907 1,310 30 x c x £ 256 0} 2) O}| 219) 0 
44| Allison-Weger, Crawford. . y 1,075 20 £ x x x 147 0; Oo] 0 65] 0 
45| Flat Rock,’ Crawford..... y 1,375} 546 x x x x 289 Ol TO)» 1371-0 
Birds, Crawford.......... 4,370} 115 r x x x 684 0] 11} 5) 449] 0 
re Bae Cees Division’ 45,665] 1,945] 145,908,000 1,226,000 x y | 9,189 1/188/165) 5,939) 0 
48| Lawrence, Lawrence, 1906 | 24,150] 1,550 a xr x x | 4,405 4) 58} 12) 3,258) 0 
anford 
49 ers 5,015 35 z & x x 1,233 1) yl y y| 0 
50 2,240 0 x x x x 475 O; yl y y| 0 
51 345] 1,095 as x £ x 248 Oo} vl y y| 0 
52 15,960| 220 x x z | 2 | 3,017] o| yl yl yl 0 
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TABLE 1.—(Continued) 


duction pees Deepest Zone 
Pressure, Character . . AS 
ria Lb. per of Oil Producing Formation ys. Aye 
4 
1940 Sq. In. 
Number Depth, 
of Wells Avg. Ft. 
33 Name Name 
PR! a 
g ~ [eee alt 
ald fo ‘oF ‘ ° o 3 = oe 3s 
5| w| z Bel eSls-, Suk S|EBIE | gE lee) & bie 
“(lee | 3 |GSl£etee sla. > | 2/8 (S2/ssea| s 23 
2\8)$5 |) 2 Ps(séleszise & | 8/5 | S8/Sklsz] Str 
ol} e| a BS ft le | RD < Ole lat ate n i=) 
1} 10 0 x 2 eat Unnamed Pen S |Por} 159} 215) z | ML} Pen 715 
2} 0} 311) 200+ x 34.0 |x See below D |St. Peter | 3,009 
3|- 0 y x x 30.0 |z Shallow gas sand Pen S |Por| 281) 376/36 D 
4) 0 y x % 33,5 (2 Westfield lime MisL| L |Cav} 334] 446] z D 
5} 0 fo a 38.2 |0.18] “Trenton” Ord | L | Por | 2,265) 2,568] z D 
6] 0} 812 oc z|RP| 33.0 |z | See below D | Devonian | 2,010 
7| 0 y x x 34.0 |r First Siggins sand | Pen S |Por| 367} 465} z D 
8} 0 y x fo (33.6) Second and third} Pen S |Por| 478} 562) z D 
Siggins sand 
9} 0 y x x (25.7) |x Lower Siggins sand | Pen S |Por| 556) 590) z D 
10] 0 44 x z (30.3) |x York sand Pen S |Por| 588) 680} z | AM 960 
11] 0} 489 x z| RP} 29.2 |x See below AM | MisL 808 
12} 0 y 7 x (31.9) |x Upper gas sand Pen S |Por| 263} 358} 2 | AM 
13| 0 y z x (30.1) |x Lower gas sand Pen S |Por| 309} 426) 2 | AM 
14] 0 y x x (33.6) |z Casey sand Pen S |Por| 444) 505) z | AM 
15} 0} 112 x x 36.8 |x See below D |St. Peter | 3,411 
16! 0 y a ¢ y |x Shallow sand Pen S |Por| 255) 411] z D 
17| 0 y x x y |r Casey sand Pen S |Por| 449] 511) z D 
18] 0 y 2 x y |% Martinsville MisL| L | Po 477| 506) x D 
19) 0 y 2 a (38.9) |x Carper MisL| S_ } Por| 1,340) 1,418) x D 
20| 0 y x x y wiz ‘“*Niagaran”’ Dev | L | Por} 1,553) 1,596} x D 
21] 0 y x r (39.6) |x “Trenton” Ord | L_ | Por| 2,708} 2,830] z D 
22| 0| 438 x o 31.0 |r See below AM | Mis 965 
23) 0 y x zr yo \% Claypool sand Pen S |Por| 416) 486) 2 | AM 
24) 0 y x x y |e Shallow sands Pen S |Por| 314) 451) 2 | AM 
25) 0 y 4 x y |e Casey sand Pen S |Por| 465) 508} z | AM 
26) 0 y r FE y-|z Upper Partlow Pen | S |Por| 534) 554] z | AM 
27| 0| 479 x x 32.2 |x See below AM | Devonian |2,030 
28) 0 y 2 za y \2 Claypool sand Pen S |Por| 392] 549} z | AM 
29/ 0 y 7] x ee © Casey sand Pen S |Por| 453) 518) 2 | AM 
30] 0 y x £ y |« Upper Partlow Pen S |Por| 489} 570! 2 | AM 
31]; 0 y x x 28.5 |x Lower Partlow Pen S |Por| 598) 618} 2 | AM 
32} 0} 380 L zt] RP} 33.7 |x | See below AM | MisL 1,471 
33) 0 y E x (32.4) |x **500 Ft.’ sand Pen S |Por| 561) 726) 2 | AM : 
34) 0 y F] z Teak “800 Ft.” sand Pen S |Por| 817} 907|z | AM 
- ‘ jel x x pie x | 900 Ft.’ sand MisU} S |Por| 886] 920] x | AM 
A x x 0 |x 33+ 
37} 0} 4,862} 425+] y|RP| 33.0 |x | See below o “Trenton” 
be : y z 2 es K x Pree ie ao 8 ee 508} 822) 2 | ML : +0 
y z L 8 |x obinson san en or) 900} 960)25+) ML | “Trenton” 
40} 0 | 7 2 x y |x | Oblong Mis || 8, L | Por | 1,337| 1,416} z | A, | Mis toe 
ML 
0} 146 x x|RP| 30.1 |x | Robinson sand Pen | S |Por| 940) 975] x | ML | Mis 2,056 
0 61 x x ye Robinson sand Pen S |Por| 995}1,015| z | ML | Mis 2/979 
0} 219 r x 29.5 |x Robinson sand Pen | S_ | Por| 1,000} 1,025] x | ML | Pen 1,127 
0 65 © r 22.5 |« | Robinson sand Pen | S |Por| 912] 930) ¢ | ML | Pen 1,041 
Olle 187, i] zt} RP | 31.8 jx Robinson ora Pen S |Por| 935] 945) « | ML | Devonian |31110 
ock) san 4 
0} = 449 r zt} RP} 31.8 |x Robinson sand Pen S |Por} 930} 950) « | ML | MisL 
0} 5,939] 425+ x 32.3 |x fe S| Por ML | ‘‘Trenton” van 
is 
0} 3,258) 650+ t| RP} 32.9 |x See below A | St. Peter 5,190 
0 7] < x y “le Bridgeport sand Pen S |Por| 800} 1,000/40 A 
0 y x x peas Buchanan Pen | S_ | Por | 1,250) 1,265/15 A 
0 y x x y ole Gas” sand MisU | S| Por/ 1,330) 1,345/15 A 
0 y| 600+ x y |e Kirkwood MisU! S$ | Por! 1,400! 1,430!30 A 


‘ Pressures in the southeastern Illinois oil fields are estimated bottom-hole pressures reported in previ icati 
5 All gravities given poe to 1936 (except those in parentheses) were from date for the year 1925 Capa seri ee 


Seka, € es) | Illinois Pipe Lin 
Co. Gravities in parentheses are for particul les, Illi § % ‘ as ca 
ite Nis Fas ay yey Spb hag ar samples, see Illinois State Geol. Survey Bull. 54, Table 3. The values have been con- 
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TABLE 1.—(Continued) 
pepeearane terraced EN 


Aree a Ae Gas 
rea Proved, : : roduction, i 
Mees Total Oil Production, Bbl. Millions pegs Oil poy or 
Cu. Ft. 
During End of 
Year 1940 1940 
. of 
Field, County Dis- = 
covery 2 
P To End of Durin 
Oil | Gas?) “1940 1940" 3 A 
26 nD é 
Sy las ch ole 
s Soe Vee ei ae le 
z./ 2/23) 2/S/2l2. [ 
BS) 2] ee] € | 8] al ss le 
of =) om o | 2] 0) FS |e 
a =) iS) Oe al at) AY 
4,020) 200 x x x x 688 3) yl y¥ y| 
6,950 0 z x || ee 958} 0} yl y y| 0 
St. Francisville, Lawrence. . y 420 0 £ x x x 55 0} 0] 0 31] 0 
ee yeente County Divi- 24,570} 1,550} 225,964,000 1,528,000 x y | 4,460 4} 58] 12) 3,289) 0 
Allendale, Wabash........ 1912 1,680 0} 4,849,000 106,000 Fi y 427 6} 0] 0} 207] 0 
Total Southeastern Fields® 91,855) 3,970) 429,474,000 3,195,345 ae y |19,044 17/313|222} 12,495] 0 
Ayers gas, Bon ...| 1922 0} 325 0 0 194.4} 13. 19 0} 0] 0 0| 7 
Greenville gas, Bond.. Pe ae 19109 0 160 0 0 990.0) 0 4 0; oO} 0 0} 0 
Bartelso, Clinton......... 1936 580 0 739,000 378,000 0 0 64 24; oO] 0 64] 0 
320 0 528,000 167,000 0 0 40 1) OVO 40] 0 
: 230 0 211,000 211,000 0 0 24 23; 0} 0 24| 0 
Carlyle, Clinton.......... 1911 915 0} 3,402,000 29,000 0 0 165 0} 0} 40 103] 0 
Frogtown, Clinton........ 191810 300 0 x 0 0 0 12 0} 0} 0 0) 0 
Ava-Campbell Hill, Jack- | 191712 70| 370 2 0 x 0 35 0} oO} 0 0} 0 
son 
Colmar-Plymouth, Mc- 1913 2,450 0} 2,673,000 121,000 io y 482 5| 0} 73 213} 0 
Donough, Hancock 
Decatur, Macon.......... 193712 10 0 1,000 0 0 0 2 oO} 2) 0 0} 0 
Carlinville, Macoupin..... 190933 30 50 x 0 Lr 0 8 0} Oo} 0 0} 0 
Gillespie-Benld gas, 192314 0 80 0 0 135.8] 0 4 0} oO; 0 0} 0 
Macoupin 
Gillespie-Wyen, Macoupin| 1915 40 0 L 0 0 0 22 0} 0} 12 0) 0 
Spanish Needle Creek gas, | 19151 0 80 0 0 14.4) 0 7 0} oO} 0 0} 0 
Macoupin 
Staunton gas, Macoupin..| 191616 0} 400 0 0 | 1,050.0) 0 18 0; oO} 0 0} 0 
Collinsville, Madison... .. 190917 40 0 850 0 0 0 6 0} Oo] 0 0} 0 
Brown-Langewisch Kues- | 1910 175 0 En x 0 0 10 0; oO} 0 9} 0 
ter-Junction City, 
Marion 
60 0 x a 0 0 6 0} Oo] 0 5] 0 
115 0 iy oD 0 0 4 0; Oo; 0 4; 0 
Sandoval, Marion........ 1909 770 0} 4,181,000 721,000 0 0 149 4; 0) 0 49) 0 
770 0} 2,680,000 14,000 0 0 123 0} Oo} O 23} 0 
380 0; 1,501,000 707,000 ie y 26 4| 0] O 26] 0 
Wamac, Marion, Clinton, | 1921 250 0 422,000 19,000 0 0 104 0) 7 0 36] 0 
Washington 
Litchfield, Montgomery. ...| 187918 100 0 22,000 0 0 0 18 0; 1) 0 0| 0 
Waterloo, Monroe........ 192019 230 0 197,000 21,000 0 0 38 8} 3] 0 12] 0 
Jacksonville gas, Morgan. .| 191020 30) 1,290 -2,100 0 z 0 53 0; Oo] 0 0| 0 
Pike County gas, Pike... .|} 190524 0} 8,960 0 0 x 0 68 0} 0; 0 0/ 0 
Sparta, Randolph......... 188822 65] 100 x 0 2 0 20 We ae 0) 0} 0 


7 Total of lines 48 and 55. 


8 Total of lines 1, 36, 47, 56, 57. 


9 Abandoned 1923. 

10 Abandoned 1933. 
11 Abandoned 1934. 
12 Abandoned 1940. 
13 Abandoned 1925. 
14 Abandoned 1935. 
15 Abandoned 1934. 
16 Abandoned 1919. 
17 Abandoned 1921. 
18 Abandoned 1904. 


19 Abandoned 19380, revived 1939. 


20 Abandoned 1937 
21 Abandoned 1930. 
22 Abandoned 1900. 
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TABLE 1.—(Continued) 


Methods, Lb. per of Oil Producing Formation 
End of Gyitn 4 
1940 Mer 
Number Depth, 
of Wells Avg. Ft. 
3B Name 
44 a 
my | Me [As 4\s 
a |B ald as bor foal Poe 18 | < 
4 RP EE eae as B(BIB | s®iee| & 
%| 8 Bz/2 8/2 7 B/S 3 |3|he 5 3 
Has| 2 \S|RHEeEe 2 | 2] E\salgzles| 2 
B\ 29 | 8 [eseceesiae 2] 5 [a leN ates) a 
“53| 0 y| 650 | a| | y |z | Tracey MisU | §_| Por| 1,560) 1,580/20 | A 
0 y z x y |e McClosky MisL |. L_ | Por} 1,700) 1,710/10 A 
0 31} 600 x 37.3 |z | Bethel MisU| S$ _ | Por] 1,843) 1,865/22 | ML 
0} 3,289 x z 
0} 207 x z| RP | 35.1 |x Biehl sand Pen | § | Por| 1,425] 1,460/20 | AM 
0| 12,495 
335 y Lindley (2d) MisU| §S |Por| 940) 945] 5 A 
x Lindley (1st, 2d) MisU} § |Por| 927] 993) z ‘ 
0 64 
0 40 x x 36.2 |0.20) Carlyle MisU| S |Por| 984) 1,008|/24 D 
0 24 x z 41.5 |0.27| Devonian Dev | L | Por| 2,429] 2,447| 9 D 
0 63 x z| RP| 35.2 |0.26| Carlyle MisU} § | Por| 1,035) 1,055/20 A 
0 0 x 31.9 |x Carlyle MisU| S |Por| 950) 957] 7 D 
0 0 2 a lo Cypress MisU| S |Por| 780) 798}18 A 
0} = 213 2 | RP| 37.6 |0.38| Hoing sand Dev | S |Por| 447} 468/21 A 
0 0 x 39.5 |x “*Niagaran”’ Dev | L_ | Por | 2,020} 2,076/30 N 
0 0] 135 27.7 |x Unnamed Pen | § |Por| 380) 398] z A 
0 0} 155 Unnamed Pen S |Por| 542] 555) x A 
0 0 x x 30.0 |x Unnamed Pen S |Por| 650) 670) z r 
0 0 x Unnamed Pen S |Por| 305) 405) x D 
0 0| 145 Unnamed Pen S |Por| 461) 491) z A 
0 0 x 2 |e Devonian-Silurian i L_ | Por] 1,305} 1,400/20 | ML 
i 
0 9 
0 5 x z 32.0 |x Dykstra, Wilson Pen S |Por| 610} 630|20 D 
‘ ‘s £ x 32.0 |x Cypress MisU} § | Por| 1,658) 1,673}15 . 
0 23 x x 34.5 |x Benoist MisU| S_ | Por] 1,540) 1,560/20+ | D 
0 26 x 2 38.0 |0.38} Devonian Dev | L_ | Por} 2,924| 2,969] 9 D 
0 36 ie x 80.2 |x | Petro Pen | S |Por| 720) 760/20 D 
0 0 x 23.0 |0.42) Unnamed Pen | S |Por| 664) 674] z D 
0 12 x x 30.2 |0.79| “Trenton” Ord | L_|Por| 410} 460/50 A 
0 0 z z iz Gas sand ae §,SL] Por} 330} 335) 5 | ML 
0 0 “Niagaran” Sil L | Por A 
0 0 press MisU! §S_ | Por D 


Deepest Zone 
Tested to 
End of 1940 

Name 

‘sm 

32 

aH 

Mis 1,900 
St. Peter | 5,190 
MisL 2,367 
Devonian | 2,181 
Devonian | 2,290 
Devonian | 2,447 
St. Peter | 4,120 
'ypress 962 
Devonian | 2,530 
“Trenton” | 805 
St. Peter | 2,991 
Pen 410 
Pen 575 
“Trenton” | 2,560 
Pen 495 
“Trenton” | 2,371 
Silurian | 11500 
MisL 2,001 
Devonian | 3,344 
Devonian | 3,055 
MisL 1,760 
Pen 681 
“Trenton” | 845 
“Trenton” | 1,390 
St. Peter 893 


MisU 985 


<i a A = IN ES a A ee 


ALFRED H. BELL AND GEORGE V. COHEE 


TABLE 1.—(Continued) 


279 


Na a a eee 


141| Belle Prairie, Hamilton. ..| 1940 


23 Total of lines 58 to 87 inclusive. 
24 Abandoned 1940. 

25 Abandoned 1939, revived 1940. 
26 Histimated. 


rea ee aoe Gas 
rea Proved, 10; F roduction, Number of Oil and/or 
Nokes Total Oil Production, Bbl. Millions Gas Wells /' 
Cu. Ft. 
During End of 
vent 1940 1940 
: of : 
Field, County Dis- zg 
covery é 
Gas? To End of During is 
as 1940 1940 3 2 
ke 1) g 
3 =) 2g ia) (>) 
E 3s |S (34/3 Eales 
Z zy w | Ss] 2 |8lsl|s fs 
5 9g = [= a] 3 
4 AS | | ge] 2 lal s| se 8 
= Bae fe toe Onaie ae 
87| Dupo, St. Clair.......... 1928 0| 1,275,000 182,000 0 | 0 263| 15] 0| 0} 64| 0 
88 Total for fields, prior to 15,830| 442,388,950 | 4,666,345 | 2,384.6] 13.8|20,615| — 74|327|847| 13,045] 7 
fan, 1, 
89) Sorento, Bond............ 1938 0 4,000 3,000 0 0 3 2) 2) 0 1| 0 
90| Woburn, Bond........... 1940 0 93,000 93,000 0 0 24) 24) 0) 0 24) 0 
PLE ore, Claire... javce-s. 1938 0 308,000 94,000 0 0 19 2) thee: 18] 0 
92 0 x x 0 0 2 Zi, 0) 0 2) 0 
93 0 2“ « 0 0 1 0; Oo] 0 1] 0 
- 94 0 x L 0 0 16 0} 20 15} 0 
95] Iola, Clay............... 193924 0 8,000 3,000 0 0 2 oO} 2) 0 0| 0 
96] Clay City, Clay, Wayne...| 1937 0| 15,778,000 3,882,000 0 0 420 41; 4) 0 412| 0 
97 x x 0 0 3 3} 0) 0 3] 0 
98 £ z 0 0 1 1] 0} 0 1] 0 
99 ce z 0 0 1 1; 0} 0 1| 0 
100 x x 0 0 
101 3 z z 0 0 415} 36; 4] 0} 407] 0 
102] Hoffman, Clinton......... 1939 0 116,000 115,000 0 0 +41) 40) 0} 0 41} 0 
103 x r 0 0 8 8} 0] 0 8] 0 
104 z x 0 0 33] 32] 0} 0 33] 0 
105} West Centralia, Clinton...| 1940 0 x x 0 0 1 1) 0] 0 1; 0 
106} Centralia, Clinton, Marion | 1937 0} 16,520,000 | 10,597,000 0 0 898| 345] 9] 3] 874! 0 
107 0 a x 0 0 22 1) 0}. 0 22| 0 
108 0 z cg 0 0 557 26; 9) 1 535} 0 
109 0} 9,100,00028 9,100,00026 0 0 317} 316} 0] 1 316] 0 
110 0 a az 0 0 2 21 0) 1 1) 0 
111] Mattoon, Coles........... 193925 0 9,000 9,000 0 0 2 1 0) 0 1| 0 
112 0 x x 0 0 il 0; oO; 0 0} 0 
113 0 9,000 9,000 0 0 1 1} 0) 20 1) 0 
114] Albion, Hdwards......... 1940 0 955,000 955,000 0 0 59) 59] 0} 0 59| 0 
115 ‘ 0 x x 0 0 3 3} 0] 0 3] 0 
116 0 x z 0 0 10 10) 0} 0 10] 0 
117 0 “ © 0 0 46 46} 0} O 46] 0 
118} Cowling, Edwards........ 1939 0 76,000 51,000 0 0 13 2). 1 0 12) 0 
119) Grayville, Edwards, White | 1939 0 95,000 66,000 0 0 8 0} 3] 0 5) 0 
120} Mason, Hffingham........ 1940 0 9,000 9,000 0 0 1 1} 0} 0 1] 0 
121} Louden, Fayette, Hfingham | 1937 0} 46,801, eS 26,564, oot y y 1,753) 416) 9] 6] 1,736] 0 
122 y y 855) 223) 9) 4 840] 0 
123 : y y B12) 28) 0} 1) ‘311 0 
124 x x y | y 421; 0} o| o| 421] 0 
125 85} 85} O} 1 84] 0 
126 39] 39) O| 0 39] 0 
127 13) 18} 0} 0 13] 0 
128 28] 28} O} 0 28] 0 
129} St. James, Fayette........ 1938 0} 2,213,000 1,719,000 0 0 177) 101) 2) 0} 171)0 
130 0} 2,218,000 1,719,000 0 0 176) 100} 1) 0} 170) 0 
131 wil LOO) 1) 0 
132} Thompsonville, Franklin. .| 1940 0 71,000 71,000 0 0 16; 16) 0] 0 16] 0 
133] Whittington, Franklin. ...| 1939 0 11,000 7,000 0 0 1 0} oO; 0 1} 0 
\ 
134] Junction, Gallatin........ 1939 0 124,000 100,000 0 0 14 8) 0} 0 14] 0 
135] Inman, Gallatin.......... 1940 0 4,000 4,000 0 0 4 41 1] 0 3] 0 
136 0 @ x 0 0 1 1} 0} 0 1) 0 
137, 0 0 0 1 1) 0} 0 1) 0 
138 0 0 0 1 Le) 0} 0 
4 elas a oils 
140} Omaha, Gallatin.......... 1940 0 0 0 
0 0 1 ll 01.0 11 0 
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Oil-pro- R . 
duction gals Deepest Zone 
Methods, ington y vores Producing Formation Tested to 
End of S eee End of 1940 
Number Depth, 
of Wells Avg. Ft. 
a3 Name Name 
era! 7 
4 * "ep a : 
8 Zz os ALS 2\g . 
1 a/5slce el 8 Silealz 2/3 4| ¢ sm 
Zlela | _ feslggiec sé SECA See ag 
elEiSe) 2 |erleglke sas > | § | sles l(Selee#] 8 es 
Sle|E5| 2 [23|g0\62-2" 2 | 6 |£ eS |e" 24] 2 a® 
AM : y As x z 32.7 |0.70| “Trenton” Ord | L |Por| 601} 651/50 | A | “Trenton” | 819 
89] 0 1 “7 z z ie Devonian Dev | L_ | Por! 1,830) 1,893) 5 D | Devonian | 1,893 
90] o| 24] « x 36.4 |0.20| Bethel MisU| § | Por| 1,008) 1,024/11 | A | Devonian | 2,454 
91) 0 18 d D | MisL 3,100 
92) 0 2 x x ele Cypress MisU | § _| Por} 2,594| 2,614] 5 
93] 0 1 zr z 37.4 |x Bethel MisU| S| Por| 2,788} 2,800/12 
94| 0 15 x x 37.2 |0.24| McClosky MisL| L_ | Por} 2,965) 2,978) 6 
95| 0 0| oz x 35.4 |0.25| Aux Vases MisU | § | Por| 2,335] 2,351] 4 | D | MisU 2,383 
96] 1] 411 PM : A | MisL 3,197 
97; 0 3 x x = Ae Cypress MisU | §_ | Por| 2,603) 2,608|14 
98) 0 1 x x om ia Bethel MisU | § | Por| 2,866) 2,870) 5 
99| 0 1 fe x SNe {aur Vases?” MisU| S_ | Por| 2,910) 3, 8 
100 zr r ee ne Rosiclare MisL |- S_ |} Por | 2,970} 3,000} 6 
101; 1) 406 x z 38.5 |x McClosky MisL| L_ | Por| 2,995) 3,058) 9 
102) 0 41 2 D | Devonian | 2,914 
103} 0 8 x x Tene Cypress MisU| §_ | Por| 1,185} 1,201] 9 
104) 0 33 “ a 32.2 |0.21| Bethel MisU| § | Por} 1,319] 1,324] 7 
105] 0 eee x x |x | Bethel MisU | S$ | Por| 1,408] 1,415) 7 MisU 1,415 
es 0| = 874 PM / A | “Trenton” | 4,068 
07; O 22 z | 150 36.4 |x Cypress MisU} S_ | Por} 1,200) 1,225/19 
108} 0} 535) 250+) 50 37.4 |x Bethel. MisU| S| Por| 1,355) 1,378/23 
109} 0} 316 x | 400 37.4 |0.38| Devonian Dev | L | Por| 2,860) 2,919) 8 
0 0 1 x z 43.2 |0.28) ‘‘Trenton"’ Ord L_ | Por | 4,020) 4,120/39 
ie 0 1 < A |St. Peter | 4,908 
0 0 59 x 44.1 |0.16| Cypress MisU | S | Por} 1,835} 1,919/25 
113] 0 1 z z 36.6 |0.29] McClosky MisL| L_ | Por| 2, 2,027| 6 
i 0} 59 ‘ A | Devonian | 5,185 
0 3 x x 3 Bridgeport Pen S | Por} 1,571] 1,622}10 
116} 0 10 2 r 34.0 |x Waltersburg MisU| S$ _| Por | 2,365) 2,373/10 
117} 0 46 “7 Fa 40.0 |0.18] McClosky MisL | L_ | Por| 3,108) 3,157/11 
118] 0 12 £ £ 36.6 |0.23| Cypress MisU | S$ | Por | 2,620 2,640/12 D | MisL 3,175 
o 0 5 x L 85.8 |0.31] McClosky MisL | L | Por] 3,093] 3,188] 6 A | MisL 3,269 
oie 0 1 ] x 2 lp McClosky MisL| L_ | Por| 2,491] 2, 12 D? | MisL 2,503 
1221160 's7i| 500 ky A Drea iae 
+} 260 36.6 |0.25) Cypress MisU| S$ | Por| 1,493] 1,549/25 
123}125 186 2 0) 37.8 |0.24| Paint Creek Stray | MisU| S | Por| 1,546) 1,571/17 
2 137| 284] 575+] 350 38.5 |x | Bethel MisU| §_ | Por| 1,540) 1,561/18 
io 4 80 Cyp., Stray”? 
ner 0 39 Cyp., Beth.2’ 
0 13 Stray, Beth.2? 
= eo Cyp., Stray, Beth.2? 
A | Devonian | 3,375 
Sa 0} 170 x x 34.4 |0.31) Cypress MisU | S | Por/ 1,581) 1,600)16 
132| of 16] 2 | 37.8 0.10] Miclosky | Mish| L | Por| 3. 1 
8 10. eClosky is or | 3,121] 3,136]12 A | MisL 3,136 
133] 0 ND, ea x 37.6 0.24 HuGioeks, St.| MisL| L_ | Por| 2,869] 2,878} 9 | D | MisL 3,068 
is: 
134 : a x r 37.2 |0.22] Waltersburg MisU| S_ | Por| 1,768} 1,804/15 D | MisL 2,711 
: : : ; D | MisL 3,007 
x | Palestine MisU | 8S | Por| 1,882] 1,854/10 
0 1 ¢ Tar Springs MisU| 8 | Por | 2,082) 2,090) 4 
0 0 z osiclare MisL | S| Por] 2,803} 3,007 
0 1 x McClosky MisL| L 2,730) 2,742/12 
0 1 0.23] Palestine MisU| § 1,672 2,840 
0 | 0.12] McClosky MisL | L 3,578 


27 Wells producing from more than one sand, 
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So SS See ee ee ee eee 


Line Number 


a 193 


28 Abandoned 1940. 


. 


ear F no Gas 
rea Proved, : tt roduction, Number of Oil and/or 
Area Total Oil Production, Bbl. Millions Gas Wella / 
Cu. Ft. 
During End of 
1940 1940 
Year 
Field, County ne a 
covery B 
3 To End of During A 
Oil | Gas> | “4940 1940 = 
a 3 
=) 
So Ps Pa oS 
Se Sie) 2S ea eats 
3 Oe Snel) <-Sae  Shleeell cee sles 
BS | |e] Esl 8| ee |S 
pst : 
é= | 4 |8"| 5 [4/2] £5 le 
Dale, Hamilton........... 1940 550 0 329,000 329,000 0 0 25 25} 0) 0 25] 0 
y 0 £ © 0 0 23 23) 0) 0 23) 0 
. J y 0 L x 0 0 2, 2} 0] 0 2) 0 
Hoodville, Hamilton...... 1940 560 0 344,000 344,000 0 0 52| 52! 0| 0 52] 0 
y 0 x x 0 0 50} 50) 0} O 50] 0 
y 0 © 0 0 2 2} 0] 0 2| 0 
Boos) JS per. 3 ods sia. cares 1940 80 0 143,000 143,000 0 0 4 4, 0} 0 4) 0 
Hidalgo, Jasper.......... 1940 20 0 5,000 5,000 0 0 2 2) 0} 0 2) 0 
North Boos, Jasper....... 1940 140 0 190,000 190,000 0 0 10 10} 0} 0 10] 0 
West Liberty, Jasper... .. 1940 710 0 271,000 271,000 0 0 31 31; oO; 0 31) 0 
Cravat, Jefferson......... 1939 100 0 77,000 63,000 0 0 11 5} 0} 0 11] 0 
Dix! Jefferson... 3... 224 1938 1,350 0} 1,582,000 717,000 0 0 65 8) 0; 0 65] 0 
Elk Prairie, Jefferson. .... 193828 10] . 0 700 0 0 0 1 0; 1 0 0] 0 
Ina, Jefferson... .2ce.s+- 1988 10 0 14,000 2,000 0 0 1 0; 0} 0 1| 0 
Marcoe, Jefferson........ 1938 10 0 12,000 3,000 0 0 2 (0) a0) I) 1] 0 
Roaches, Jefferson....... . 19388 120 0 245,000 175,000 0 0 10 1} oP 0 10] 0 
Woodlawn, Jefferson...... 1940 10 0 x x 0 0 1 1) 0} O 1] 0 
Russellville Gas, Lawrence | 1937 0} 1,600 0 0 | 1,955.5/890.4 41 9| 0] 0 0/41 
0 20 0 0 y y 4 0; 0} 0 0) 4 
0} 1,580 0 0 y y 37 9} O| 0 0/37 
Patoka, Marion..........| 1937 740 0} 2,078,000 417,000 0 0 117 2) 2). 0 104) 0 
730 0 aD x 0 0 115 L220) 102) 0 
10 0 x Ff 0 0 2 L..O 0 2| 0 
Salem, Marion........... 1938 9,060 0| 122,756,000 | 70,136,000 y y 2,410) 829] 17) 5} 2,386) 0 
y 0 x x y y 457 34; 0} 0 453) 0 
y 0 % ‘ y y 149 8} 0] 0} 149] 0 
y 0 x £ y y 550} 158} 17} 1) 534] 0 
y 0 Fi x y y 8 2} 0] O 8| 0 
5,000 0} 27,600,00026 | 27,600,00026 y y 540) 533) 0} 4] 536) 0 
471 33} 0} 0 471| 0 
231 57} 0) 0 231) 0 
2 2} 0] 0 21 0 
1 1} 0} 0 1} 0 
1 1} 0} 0 1] 0 
Tonti, Marion........... 1939 350 0} 3,469,000 2,560,000 0 0 49} 14) 1) 1 48] 0 
y 0 x fy 0 0 4 0; Oo] 0 41 0 
y 0 z Z 0 0 10 6) 0} O 10| 0 
y 0 x x 0 0 29 25 Died 28] 0 
21 0 c i) 0 0 6 6) 0} 0 6| 0 
Fairman, Marion, Clinton.| 1939 450 0 231,000 209,000 0 0 16 5} 1 oO 15] 0 
Raymond, Montgomery. ..| 1940 10 0 500 500 0 0 2 ai 4), 0 1] 0 
Waggoner, Montgomery. ..| 1940 40 0 1,000 1,000 0 0 4 41 0] 0 4) 0 
Dundas, Richland........ 1939 2,160 0} 2,298,000 2,062,000 0 0 88} 70) 0} 0 88] 0 
y 0 x x 0 0 i 1} 0} 0 1\ 0 
ee ee er ablag 
WUICRIGNG en sae s ee 1937 3,740 0} 9,571,000 |+ 2,718,000 0 0 
aia y) 0 2 he avorhe 0 72) 24) 0| o| — 72| 0 
| a3 Sia Hea 88 
Olney, Richland.......... 1937 520 0 962,000 209,000 0 0 2 
Schnell, Richland......... 1938 40 0 150,000 22,000 0 0 4 0} Oo} 0 410 
Stewardson, Shelby.......| 1939 30 0 11,000 7,000 0 0 3 2} O| 0 3! 0 
Griffin, Wabash.......... 1939 900 0} 1,887,000 1,218,000 0 0 102} 55) 1] 0} 101) 0 
194 y x x 0 0 13 9} O| 0 13] 0. 
195 y 0 x x 0 0 1 1|" oO} 0 1/0 
196 y 0 x J 0 0 1 1} 0} 0 1) 0 
197 y 0 x x 0 0 Lee SLs Of, 6.0) 711 0 
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Oil-pro- R - 
duction ceceages Deepest Zone 
Methods, ey — ng Producing Formation Tested to 
End of g tee pia End of 1940 
1940 aa 
? 
Number Depth, . 
of Wells Avg. Ft. 
: 
4 
4 
23 Name Name ; 
38 3 4 
, ee 2/8 ; 
3 ge letiae ~ : cal : 
Bi tee a o|5.8\<= el 2 silels | ase! B <2 § 
Cla slou woo = & ro} 
z| 2) -8 = 23| elo" elec = 2lE. Bgl 3 gém 
2/2/25 | = |eslsslesziee 3/28 [sels leg] & a3 
Sim |< A lee |eOl5osia™ at (n63) Jim Jes pet te, am ay 
142} 0 25 D | MisL 3,257 
143, o| 23) 2 | 2 37.6 |0.25| Cypress MisU| $s | Por| 2,678] 2,708|18 t 
144) 0 2 x x 2 le McClosky MisL | L_ | Por | 3,143] 3,185)16 ; 
145] 3 49 D? | MisL 3,224 
146} 3 47 x x 38.0 |x Bethel MisU| §S | Por| 2,952) 2,975)20 : 
147} 0 2 x x ¥ lz McClosky MisL| L_ | Por} 3,146} 3,224/14 
148} 0 4 2 x 39.6 |0.26| McClosky MisL| L_ | Por] 2,818] 2,865] 8 A | MisL — 2,865 f 
149} 0 2 z x gz dz McClosky MisL | L_ | Por] 2,560} 2,607] 8 N | Devonian | 4,139 
150) 4 6 x x 38.6 |0.20| McClosky MisL| L_ | Por] 2,791) 2,834)12 A | MisL 2,834 
151] 0 31 x x 2. |e McClosky MisL| L_ | Por| 2,788} 2,824/10 A | Devonian | 4,584 
152] 0 1l x E 35.4 |0.23] Bethel MisU | §_ | Por} 2,066} 2,076/11 D | MisL 2,356 
153} 0 65} 495+] 350} PM} 38.0 |0.18| Bethel MisU| S| Por} 1,948} 1,959/14 A | Devonian | 3,650 
154} 0 0 z x S Ae McClosky MisL| L_ | Por} 2,718} 2,751) 7 D | MisL 2,958 
155} 0 1 x x 36.4 |9.20| St. Louis MisL | L_ | Por| 3,002} 3,007] 5 D | MisL 3,064 
156] 0 1 x x 23.2 |0.54| McClosky MisL | L_ | Por | 2,746} 2,765)11 D | MisL 3,066 
157| 0 10 z x 37.0 |0.22 nese Rosi- MisL | L, § | Por | 2,187) 2,257/22 D | MisL 2,285 
clare 
158] 0 1 x x x |x | Bethel MisU| S| Por} 1,974| 1,990/16 D 
159 380+] 2 ; A | Devonian | 3,133 
160 z L Pennsylvanian Pen S |Por| 619} 8381/12 
161 380+] 2 Buchanan Pen S| Por |1,078 |1,119}10 
162} 0} 104 A | Devonian | 2,956 
163) 0} 102 x x 39.5 |x | Bethel MisU| S$ _ | Por| 1,424) 1,440/16 
164] 0 x x 40.9 |0.31) Rosiclare MisL| §$ | Por| 1,562} 1,612/33 
165] 74] 2,312 PM , A | “Trenton” | 4,618 
166) 0} 453) 272+ x 38.5 |0.20| Bethel MisU| § | Por} 1,797] 1,835)/35 
167; 1) 148] 335+] 2z 38.6 |0.21| Aux Vases MisU} § | Por| 1,813} 1,865/28 
168} 2) 532} 700 56 39.0 |z McClosky MisL | L_ | Por| 1,975} 2,048)17 
169} 0 8] 250+) 2 39.0 |x | Salem_ MisL| L_ | Por| 2,156} 2,222}17 
170] 43) 493}1,276 | 381 42.1 |0.28] Devonian Dev | L_ | Por] 3,350) 3,444/30 
171} 18} 453 Beth., Aux Vases?? : 
172] 10) 221 McClosky, Salem2? 
173} 0 2 Beth., McClosky*? 
174] 0 1 Aux Vases, 
McClosky?? 
175] 0 1 McClosky, 
Devonian”? 
176} 1 47 ; D | Devonian | 3,547 
177) 0 4 x x z |e Bethel MisU| § | Por] 1,928) 1,942/14 
178] 0 10 £ z 37.0 jx Aux Vases MisU | S$ | Por | 2,003} 2,038}26 
179} 0 28 x x 39.4 |0.21) McClosky MisL} L_ | Por] 2,134) 2,165)12 
180) 1 5 x x ele Devonian Dev | L_ | Por| 3,490} 3,505)1 
181} 0 15 2 x 38.2 |x Bethel ‘ MisU} § | Por| 1,462) 1,479] 7 D | ‘‘Trenton” | 4,100 
182} 0 1 x F 83.5 |x Pennsylvanian Pen 8 |Por| 580} 598/18 D | Pen 598 
183] 0 4 x x = ae Pennsylvanian Pen S |Por| 611] 625/14 D | Devonian | 1,784 
184] 57 31 A isL 2,980 
185} 0 1 2 z ee Cypress MisU| S$ | Por| 2,570) 2,590/23 
186] 57 80} 1,100+] 38.4 |0.17) McClosky MisL| L_ | Por | 2,869] 2,920]13 
187| 0| 225 ' A | MisL 3,201 
188} 0 72 £ x 34.6 10.27 NS nw MisU| S | Por} 2,544] 2,639]17 
189} 0} 153 x x 39.0 |x cClosky MisL | L_ | Por| 2,957) 3,003]10 
190} 0 35 2 be 37.2 |0.19] McClosky MisL| L_ | Por} 3,052) 3,073} 9 A | MisL 3,222 
191} 0 4 x x 37.0 |0.19] McClosky MisL | L_ | Por | 3,012) 3,068} 6 D | MisL 3,120 
192} 0 3 2 x 37.8 0.18] Aux Vases MisU|] S_ | Por| 1,942] 1,969] 5 D | MisU 1,969 
193} 0} 101 § A | MisL 3,058 
194] 0 18 E] 2 38.0 |z | Biehl Pen | S_ | Por] 1,719] 1,728}11 
195} 0 1 x x @ Vie Clore MisU|} S$ _ | Por} 1,811) 1,823] 9 
196} 0 1 a x z ole Tar Springs MisU} S_ | Por| 2,060] 2,135] y 
197|_0 71 x z 38.0 |x | Cypress MisU | S_ | Por | 2,444] 2,480|15 
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ee a a an pe i ee 


Field, County 


Area Proved, 
Acres 


a 

oO 

a3) 

a 

198 

199 

200) East Keensburg, Wabash. .| 1939 
201) Keensburg, Wabash...... 1939 
202 

203 

204 
205 

206 

207) Maud, Wabash........... 1940 
208 

209 

210} Mt. Carmel, Wabash..... 1940 
211 

212 

213) Mt. Carmel (West), Wa- 

as. 
214] Lancaster, Webash, 
Lawrence 

215] Cordes, Washington...... 

216} Dubois, Washington...... 

217) Irvington, Washington... . 

218 

219 

220) McKinley, Washington.... 

221) Barnhill, Wayne......... 

222 

223 

224 

225] Boyleston, Wayne........ 

226 

227 

228 

229) Cisne, Wayne............ 

230 

231 

232 

233) Enterprise, Wayne....... 1939 
234 

235 

236 

237| Goldengate, Wayne...... 1939 
238] Leech Twp., Wayne...... 1938 
239] Mt. Erie, Wayne....... ..| 1938 
240| North Aden, Wayne...... 1938 
241) Rinard, Wayne.......... 193729 
242] Roundprairie, Wayne..... 1940 
243] South Mt. Erie, Wayne...| 1939 
244] West Enterprise, Wayne. .| 1940 
245 
246 
247| Aden, Wayne, Hamilton...| 1938 
248] Burnt Prairie, White..... 1940 
249 
250 ? ’ 
251} Calvin, White...........- 

252 


Miss Gas 
. - . roduction, Number of Oil and/or 
Total Oil Production, Bbl. | rene awa / 
Cu. Ft. 
During End of 
1940 1940 
5 
(>) 
fa 
~_ 
=] 
a a 
Co rf 
So PH > 
3s |S /82/3/2la|» fe 
Z| else] Se (Slsi3 fe 
Bg | 2 | Fe) 2 ele) els 
cof Or 
Be hom ool te ee 1s 
0 f) x 0 0 2 2} O| 0 2) 0 
0 x o 0 0 13} 11) O| 0 13] 0 
0 x i, 0 0 2 2} 0} 0 2| 0 
0} 2,402,000 1,619,000 0 0 160} 40) 3) O} 4157) 0 
0 = x 0 0 2 2) 0} 0 2] 0 
0 & z 0 0 1 1) 0] O 1/0 
0 x 2 0 0 4 4; 0] 0 4) 0 
0 x £ 0 0 152 0} 3] O; 149] 0 
1 1} O10 1] 0 
0 43,000 43,000 0 0 9 91 0} 0 9] 0 
x x 0 0 1 1; 0} 0 1; 0 
£ z 0 0 8 8} 0] 0 8} 0 
0 25,000 25,000 0 0 6 6} 0] 0 6] 0 
z z 0 0 5 5} 0] 0 5} 0 
E zt 0 0 1 Z| 10) <0 1) 0 
0 x x 0 0 2 0} 1] 0 1) 0 
0 341,000 341,000 0 0 28) 28] 1) O 0 
0} 1,184,000 716,000 0 0 128} 33] 1) 1 0 
0 ,000 19,000 0 0 4 3} 0] 1 0 
0 510,000 510,000 0 0 39] 39) 0} O 0 
0 x z 0 0 33] 33) O} 0 0 
0 x a 0 0 6 6] 0} 0 0 
0 4,000 4,000 0 0 iL 00S) a) 0 
0} 1,230,000 637,000 0 0 63; 22) 1] 0 0 
0 x a 0 0 2 2) 0; 0 0 
0 a x 0 0 60; 19} 1) O 0 
0 x x 0 0 1 1} :0)) 20 0 
0} 1,527,000 1,308,000 0 0 83| 58) 0] 0 0 
0 a x 0 0 1 1) {0} 0 0 
0 x 7 0 0 81} 56) 0} O 0 
1 1} 0} 0 0 
2,240,000 478,000 0 0 47 0} 0} 0 0 
zt x 0 0 2 0} 0] 0 0 
x z 0 0 1 0} 0} 0 0 
& x 0 0 44 0; 0} 0 0 
0} 4,144,000 2,876,000 0 0 152}, 102) a} 0) 0 
0 “i x 0 0 1 0; Oo] 0 0 
0 x a 0 0 2 2] 0] 0 0 
0 (2 2 0 0 149} 100) 1) 0 0 
0 a t 0 0 3 0; 2) 0 0 
0 232,000 127,000 0 0 14 5} 0} 0 0 
0 10,000 3,000 0 0 1 0} 0] 0 0 
0} 1,935,000 905,000 0 0 65 5} 2) 0 0 
0 6,000 800 0 0 1 oO} 0} 0 0 
0 2 x 0 0 1 1; 0] 0 0 
0 x x 0 0 1 0} O| 0 0 
0 105,000 105,000 0 0 251, & 1SIeiOls Ole 0 
0 x x 0 0 1 1] 0} 0 0 
0 & i) 0 0 12| 12) 0| 0 0 
0 244,000 101,000 0 0 8 3} 0} 0 0 
0 146,000 146,000 0 0 18] 0] Oo 0 
0 ie x 0 0 2) O| 0 0 
0 x © 0 0 0} O 0 
0 606,00 ( 601,000 0 0 0} 0 0 
0 x net 0 0 a) 0 


29 Abandoned 1939, revived 1940. 
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TABLE 1.—(Continued) 
oe Ee ee 
ee Reservoir Deepest Zone 
Methods, hg a ier Producing Formation Tested to 
End of aD. ay of Oil End of 1940 
1940 ae 
Number Depth, 
of Wells Avg. Ft. 
2y Name Name 
es g 
3% ifus ~ Fe Geb) Oe ’ 
co] QQ Soca es =| 5 ~ = = os o se 
w| a a lie |p. & 3} 5bis & ro) 
£\3.| 3 a3 |S eB g|20 . | 2|3|%2 Ese s g 22 
e/es| = |PolsSlaszies ® | £ | 5 | 88/56 Sa] & ae 
Feil ced le Seifedi 1a S He e <q |/O]G le |a |Z | @ a 
0 2 ote a Ne Bethel MisU| §_ | Por| 2,570) 2,576) 6 
0 13 x x 37.0 |0.38} McClosky MisL| L_ | Por| 2,793} 2,881/13 ; 
0 2 L di 37.6 |0.26) McClosky MisL | L | Por | 2,703) 2,714| 6 D | MisL 2,714 
0| 157 A | MisL 2,880 
0 2 x x els Biehl Pen S | Por} 1,753) 1,764/14 
0 1 x x 2 |p Clore MisU | § | Por} 1,761) 1,785) 9 
0 4 z x z |z Palestine MisU | S_ | Por} 1,819) 1,835}16 
0} 149 x x 38.6 |0.29 es MisU| § | Por] 2,433} 2,454/17 
0 1 Biehl, Cypress? e 
0 9 D | MisL 2,634 
0 1 z x Pee |e Bethel MisU| § | Por| 2,120) 2,132}12 
0 8 x zt 38.0 |0.30| McClosky MisL| L_ | Por| 2,614) 2,634] 8 : 
0 6 A | MisL 2,411 
0 5 zr x Sole Cypress MisU| S| Por| 2,033) 2,053) 9 
0 1 x x 36.6 |0.36] Rosiclare MisL| S$ _ | Por| 2,368) 2,411} 4 : 
0 1 x x a |e Tar Springs MisU| S| Por| 2,793) 2,881|15 D | MisL 2,556 
0 27 x x 39.8 |0.28) McClosky MisL| L_ | Por} 2,683) 2,700} 9 D | MisL 2,700 
0} 127 x xr 37.4 |0.19| Bethel MisU| § | Por| 1,259} 1,285)17 A | MisL 1,550 
0 3 x r 31.0 |0.26) Bethel MisU | §S | Por} 1,359] 1,370)11 D | MisU | 1,370 
1 38 D | Devonian | 3,150 
0 33 x rz 37.6 |0.16) Bethel MisU| § | Por} 1,537) 1,550)10 
1 5 x x 39.0 |x Devonian Dev | L_ | Por|3,092/ 3,150} 5 
0 1 x r ao Mie Bethel MisU| § | Por} 982) 1,039)12 D | Devonian | 2,567 
0} 62 : A | MisL 3,523 
0 2 2 i e { Reece MisL} S| Por| 3,340) 3,412) 5 
0 59 x x 37.6 |0.17| McClosky MisL} L_ | Por| 3,385) 3,412/11 
0 1 £ r eo ie Salem MisL| L_ | Por| 3,792) 3,855) y 
0} 83 A | MisL 3,384 
0 1 x = Bnei Rosiclare MisL}| § | Por|3,273}3,277| 4 
0 81 50+ x 40.2 |0.14] McClosky MisL} L_ | Por| 3,250} 3,277/14 
0 1 Rosiclare, 
McClosky2* 
0 47 ; A | St. Peter | 7,207 
0 2 2 x 88.5 |x Aux Vases MisU| S_ | Por| 2,982) 3,029/13 
0 1 x x z \|z Rosiclare MisL| § _ | Por} 3,010) 3,160] y 
0 44 75+ x 35.8 |0.24| McClosky MisL| L | Por| 3,121] 3,178] 9 
6| 135 A | MisL 3,392 
0 1 < x ae le Aux Vases MisU| S$ _ | Por| 2,929) 2,957/16 
0 2 2 ‘a as {eae MisL| § | Por|3,047| 3,114] 2 
McClosky : 
6} 132} 100+] 2 2 |” McClosky MisL| L_ | Por} 3,049) 3,114)12 
0 1 z x 34.4 |0.18} McClosky MisL| L_ | Por] 3,377| 3,399] 7 D | Devonian | 5,645 
0 14 2 x 39.0 |0.19] McClosky MisL| L_ | Por} 3,413) 3,453/11 D | MisL 3,485 
0 1 z x 39.8 |0.18] McClosky MisL| L_ | Por] 3,080] 3,092) y D | MisL 3,135 
0 61| 40+] 2 39.0 |0.17| McClosky MisL| L_ | Por | 3,321) 3,341/12 A | Devonian | 5,393 
0 1 2 £ 38.5 |x McClosky MisL| L_ | Por} 3,144) 3,154) 5 D | MisL 3,154 
0 1 x x bp: Ball McClosky MisL| L_ | Por} 3,172} 3,300) 3 D? | MisL 3,300 
0 1 r x cee McClosky MisL} L_ | Por} 3,129] 3,206/11 D | MisL 3,206 
o} 18 A | MisL 3,071 
0 1 2 © a |x | Aux Vases MisU| 8 | Por| 2,915) 3,100)10 
0 12 x © x |x | McClosky MisL | L_ | Por) 3,018} 3,071) 7 
0 8 x x 40.0 |x McClosky MisL} L_ | Por] 3,287} 3,337] 7 A | MisL 3,460 
0} 18 D | MisL 3,432 
0 2 x r ee Rosiclare MisL| S_ | Por| 3,260] 3,404] 9 
0 16 £ r 37.0 |0.28} MeClosky MisL| L_ | Por} 3,425} 3,432]11 
4; 118 . A | MisL 2,912 
0 Tar Springs 8 2,211! 2,223117 


van" 


ALFRED H. BELL 


TABLE 1.—(Continued) 


AND GEORGE V. 


COHEE 285 


oo EE EE EEE ee ee eee eee 


hoe 4 Total Gas é 
Kee 7) Totel Oil Production, Bhi. | Pioduetion,.| — Nuntber of OI! sad /or 
Cu. Ft. 
During End of 
Your 1940 1940 
A of 
Field, County phos | 
covery s 
: To End of Durin; 
Oil | Gas’ | “i940 1940" is x 
te mM oF 
Ss = £3 3/2 5 
ay a = 
3 2 12S] Eggle 2 
0 =a Oo eS o|"S S 
2 as |£|azl| #l/elel sel 
4 2= 16/8818 |S/8/ Eo |é 
253 y 0 x x OMsInO 18} 18] 0] 0| ~ 18] 0 
«254 y 0 x x OF] 70 6| 6] 0] O 6| 0 
~ 255 y 0 x x 0 | 0 31; 30) 0] 0} 31] 0 
256 y 0 x 2 0 | 0 13) 13] O10) 3x0 
- 257 y 0 x x 0 | 0 12|e11\) 20) 10) 20 
258 1 1} 0] 0 1) 0 
259 We sth) 0) 1] 0 
260 23} 23} 0} 0] 23) 0 
- 261 4, 4] 0] 0 4] 0 
262 ihe Healt tH 1| 0 
~~ 263] Carmi, White............ 1940 10 0 500 500 0 | 0 ls SSN et) 1| 0 
__ 264) Centerville, White........| 1940 50 0 49,000 49,000 0 0 3 3] 0) 0 3] 0 
265) Herald, White........... 1940 30 0 4,000 4,000 0 | 0 Bile mec meron o) 3] 0 
266 y 0 x z 0 0 2 2) oO 0 2| 0 
267 : y 0 2 x 0 0 1 1} 0} .0 1| 0 
~~ 268] Iron, White.............. 1940 760 0} 1,111,000 | 1,111,000 0 | 0 46| 46] 0| 1] 45] 0 
269 y 0 Py x 0 | 0 1} =a}, <0 0 1| 0 
270 y 0 z x Oh OT OTe Ole = 126 \n0) 
271 y 0 r z On ujan0 AN ell alee 1] 0 
PTD! a ‘ y 0 2 z 0 | 0 1g Ah SO) a sald iC) 
278] Mill Shoals, White........| 1939 640 0} 711,000 583,000 0 1-0 50| 28] Oo} 1] 49] 0 
Bie 274 y 0 r x O10 33| 20] 0} O| 33] 0 
*- 275 y 0 ws i 0 0 14 5] 0} 0 14| 0 
276 a Bit | a 2] 0 
_ 277| New Harmony, White....| 1939 | 1,210 0| 920,000 920,000 0 | 0 87| 76 Lik ~ $8510 
278 y 0 x 2 a} 0 14] 7 4i--0) 0} 14/0 
ee 279 y 0 L x 0 | 0 Oe DOO 21 0 
280 y 0 x x 0 | 0 12) 42] 0} 0) 12/10 
B= 281 y 0 x x 0 | 0 5} =«5B|s«OO},s«O0 5] 0 
282 y 0 L L 0 0 1 1} 0) 0 1; 0 
283 y 0 x z 0 | 0 fl etl O).ar0 1] 0 
284 y 0 x 2 0 | 0 39/ 38] 1] 1| 37/0 
285 2] 2] oF 0 21 0 
: 286 3 3} 0} 0 3) 0 
287 2] 21 oO 0 2/0 
~ 288 La dl 0100 1] 0 
a) i di| OF 0 110 
290 See ale Ole 3] 0 
— 291 1 1] 0} 0 1) 0 
me 
292] Phillipstown, White...... 1939 80| * 0 61,000 52,000 Ort 0 Glenna O10 6| 0 
y a fi 0 0 2 Lie Ole 0) 2) 0 
y £. x 0 0 4 3|- 0} 0 4| 0 
295] Roland, White........... 1940 10 0 3,000 3,000 0 | 0 1) tol. -0 1| 0 
296] Stokes, White............ 1939 | 2: 0| 167,000 107,000 0 | 0 fies) 10) ee Olea 140) 
, White... > Secs} 1989 1,400)" 30} 1,548,000 | 1,517,000>} 0 | 0 130] 113} 0] 0| 127] 3 
Total for fields after | — 76,410| 1,630] 255,685,000 | 142,122,000 | 1,955.5|890.4] 8,095| 3,006] 83} 20] 7,901/44 
__|—~ Jan. 1, 19379 
Total for Illinois®!..... 175,010] 17,460] 698,696,000 | 146,788,000 | 4,340. 1/904. 2| 28,710) 3,080)410|367| 20,946)/51 


30 Total of lines 89 to 300 inclusive. 
51 Total of lines 88 and 301. 
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TABLE 1.—(Continued) 
go Ee ee 
Oil-pro- R . 
duction eee : Deepest Zone 
Methods, Pre Charaaet Producing Formation ested to 
End of Se fe ot Ut End of 1940 
1940 a a 
{ 
Number Depth, 
of Wells Avg. Ft. 
SB Name Name 
q 44 a 
3 gy [axles a |e 
fe: < a 2 . @ i <= = 
Bl wel a 2/58 | gl 8 Sisle | a= ge] 8 % 
ziz/a | _ fesleeieeglgé S| E\E./ E515] 2 
8/8. | SB |SS/e5/ee sls 2. | Ble ee es] Ss a6 
2|2|25| = |se|8Sleealse B 2 |e |E8|24(84| 8 BE 
Sel edtota| mete ate Hii ces 2a2{/oO]a |aeX {a jz" a a 
253) 0 18 x x z |x | Cypress MisU| §_ | Por | 2,590} 2,630/18 
254) 0 6 C] z z lz Paint Creek Stray | MisU| § | Por] 2,659] 2,705/15 
255) 0 31 x x 36.0 |0.24| Bethel MisU| § | Por| 2,684] 2,722|12 
256) 3 10 2 * oe |S Aux Vases MisU} § | Por| 2,818] 2,838/27 
257| 0 12 x 2 ee McClosky MisL} § | Por| 2,897] 2,912] 6 
258} 0 1 Cyp., Stray”? 
259} 0 1 Tar springs,?” 
Stray, Bethel 
260} 0 23 Stray, Bethel?” 
261} 1 3 Cypress, Stray?7 
Bethel, Aux Vases 
262) 0 1 Tar Springs, 
Bethel2? 
263] 0 1 x x x |x McClosky MisL| L | Por|3,148)3,167| 4 | D? | MisL 3,167 
264) 0 3 z x 38.0 ja McClosky MisL| L_ | Por] 3,355] 3,373] 4 D | MisL 3,373 
265} 0 3 : D? | MisU 2,351 
266) 0 2 E] x 28.0 |x Pennsylvanian Pen S | Por| 1,500} 1,660}22 
267) 0 1 z £ 35.0 |x Tar Springs MisU| §_ | Por| 2,326} 2,351/18 : 
268) 0 45 i § A | MisL 3,142 
269) 0 1 x x z lz Tar Springs MisU| § | Por| 2,425) 2,440] 6 
270) 0 26 z x 37.2 |0.29| Hardinsburg MisU} §_ | Por} 2,537] 2,550/18 
271) 0 1} 2 x a |x | Cypress MisU-} S_ | Por | 2,708] 2,753/16 
272) 0 17 x 2 38.5 |x McClosky MisL| L_ | Por| 3,061] 3,142] 6 
ati 0 49 : A | MisL 3,316 
74) 0 33 x x 39.8 |0.14) Aux Vases MisU| § | Por | 3,221) 3,290/10 
275) 0 14 x x 38.0 0.16] McClosky MisL| L_ | Por| 3,316] 3,391|)14 
276) 0 2 Aux Vases, 
277| 4] 81 et L 
A | Mis 2 
278) 0 14, 820+) 2x 37.6 |0.40) Waltersburg MisU| §_ | Por | 2,156) 2,197/43 a 
279] 0 2 x x 38.0 Iz Tar Springs MisU| 8 | Por} 2,225) 2,296)20 
280) 0 12 2 2 lea 3 Cypress MisU| S| Por | 2,561) 2,605/24 
281) 0 5 £ x 2 ‘ae Bethel MisU | § | Por] 2,684) 2,751/18 
282) 0 1 x x oe |e Aux Vases MisU| § | Por | 2,820) 2,840/20 
283) 0 1 x x 2 |2 Rosiclare MisL| 8 | Por | 2,906] 2,920}14 
284) 4 33 x x 39.2 10.20] McClosky MisL} L_ | Por] 2,892} 2,919} 8 
285) 0 2 a Beth.,?? 
eClosky 
286) 0 3 Walt., Cyp., Beth., 
Mecldky2 
c 
287) 0 2 CyP. Beth., Aux 
« McClosky2? 
288) 0 1 Tar §- Cyp., 
McClosky2? 
289) 0 1 Walt., Cyp.27 
290] 0 3 Cyp., Beth?” 
291) 0 1 Crp. Beth., Aux 
ases 
292) 0 6 A | Devonian | 5,349 
293) 0 2). 2 x 39.4 |2 | Aux Vases MisU | S_ | Por | 2,942) 2,964] 8 
aa ads 8 lea | ee eae lee le 
L ‘ar Springs is ‘or | 2, 2,248} 4 | D? | Mis 4, 
pc 0 11] 50+) =z 85.8 |0.26) McClosky MisL | L_ | Por} 3,077| 3,124|12 A MeL #180 
oo F me gue x 2 32.1 |0.28} Waltersburg MisU] S| Por| 2,234] 2,285]18 A | MisU 3,089 


299/600) 20,334 


~ 


ALFRED H. BELL AND GEORGE V. COHEE 


287 


TABLE 2.—Summary of Drilling and Initial Production in Illinois for 1940 
8 a eee a es ed Se ae a ee 


Number of Wells 


Total Initial 


Footage Drilled 


Drilled in 1940 Production in T940 
n 
ney Total Pietae Gas, 
Com- Oil, Thou- Producing 
ple- Bbl. sands Total Wells 
tions Oil eye Cuz Ft. 
Adams I (0) (0) (0) fo) 465 to) 
Alexander I (6) fo) fe) fo) 2,019 (0) 
SOIC eeneatere husi con ae SS Me, wo STRSTR 54 26 I 1,932 2,000 74,392 30,670 
Brown 2 Co) to) to) oO 1,380 0 
Bureau a co) 0) () Co) 2,270 0 
MOSS tece ets tee Mise... Rehce neem I Co) () Co) Co) 1,070 0 
Christian © Co) 0) Co) Co) 1,330 0 
SSEaU ents heen. Scans aA eee ee 15 5 I 51 10 24,930 7,971 
CRE de SEAS Ree ere ee 37 23 Co) 3,066 Co) III,212 60,247 
IPODS MPa he tice ees sissies he bom ase ae 450 369 0 416,641 O | 1,130,516 959,806 
EOIES ise coite ei RE Miotese ores ba 9 I 0) 121 0 19,942 2,027 
(CHB A ARG 6 le, Uns oi ee eer eae ee, ae 13 I te) 12 oO 31,548 2,081 
amaiberland: ees, ole ea. ats Tr (0) te) 0 0 710 0 
{BXENEGE NO W.5 on ye ek CS AICS ERE Se ae rae as I oO oO oO oO 520 (0) 
Dre VALE Metts Ls teetay: Mle aces ie ce ohLireava nat Sie r Co) (0) 0 0 1,570 0 
LOVEREV SANG G A 8, Gory ae Mien ee eee on 2 to) to) (o) to) 1,245 0 
BHO SRL Teen Mis gtta as 20 tie Shes oc sees ogee 10 () Co) fc) ) 7,090 0 
EG WEROS teh Saikietirint.e cee SSP atten 79 62 (0) 25,863 (0) 242,954 181,921 
JE ske veg oleh ect ee as eae eee 12 3 to) 488 ) 25,503 5,629 
FORE Cnet cl co seanotn utes auneh 9.6 dgerssaaee § 577 515 to) 02,163 0 | 1,006,255 895,656 
PSG leer Ae Rs wider soesfolswd, < Wns bie i co) ) 0 0 2,225 0 
MGCAIMCITIN rye, 2 ere eashce se ee eevee 20 16 Co) 4,138 to) 62,819 50,200 
EOI ee Nears wike nts heres cure eee I to) to) 0 fo) 815 
CIN kota ee eee eR Oe Eee ee eee 24 12 ) 770 Co) 54,240 25,130 
SLOCCNE yt titinie ys Baer n skh o dad Hae I Co) Co) (0) (0) 750 Cy) 
Petagril Gori sasuke othe Ys! selsialis.s sates mas » 92 78 to) 15,340 Oo 275,545 228,956 
Elias) COCK naira ae aePnctgiie ne vee ew poniaceus 2 I ° I ° 1,057 372 
PIENGSTSONG, .ctl tb ughtiak ices shinier ds. ws I Co) fo) to) fo) 802 ° 
(FOO cece eee a See ee i ° to) Oo 0 725 ) 
AOCITOISD Saeeriis Sathana. hue aestieretes i (0) (0) ° o 1,485 0 
MiatsiSO tera strc acme Pine fc ene auto ayes 5 (a) fo) (a) to) 10,285 fo) 
HASpCrA nme eae ofc e eres. Shee 63 A7 oO 34,660 fo) 179,161 134,047 
BETFELSO Spar pais eke ceeteini<py-:tietteeie eiecse 33 16 (o} 1233 fo) 75,819 329331 
ACHES a6 Gs dba nlag se neglbaupiehaRna or sora 3 to) fo) to) to) 4,265 (0) 
BROMTISODIE: sts chanteieieons wugrs cle! = esas, set I (0) to) 0. (0) 4,165 to) 
PRETO Perec eis cleo vapeins Pranekee Ceesienstine ais I (0) (0) te) te) 1,355 to) 
A WERCEM eh ants occas hehe. ction 28 6 9 162 95,321 49,347 23,532 
EOP amuse rate crisis chairs Oo onto I (0) 0) to) to) 7535 (0) 
SWAltoR Bo jratoub Cod ote nee een ee eee area fe mes 9 3 to) 2 to) WTS. 1,381 
INE ACO eeepc Kea «pial miuehet cc wieisic sie ts 4 Co) (0) (0) Co} 9,524 (0) 
WVieCOmpIMe rire ehtNat. © Ste sdve:a vetenshe sche 9 fo) Co) to) fo) 5,394 to) 
DMs AE SOM cers ter eah, oe ses ease wen Bees ustane 7 () Co) (o) (0) 15,120 0 
EATON eek crete Relies cites eee alee 952 890 (0) 944,925 0 | 2,794,599 | 2,636,964 
Massac 2 ) (0) oO () 5,365 ) 
Menard I (0) (0) (0) fo) I,063 fo) 
Monroe 16 8 to) 412 ) 13,878 5,106 
Montgomery 40 6 ° 122 ° 37,319 4,135 
Peoria a (0) 10) 10) (0) I,OIT (0) 
NS erty tne Tteishs AKIO Sides sited ein kelel Ss. 5 8 (0) fo) (0) (0) 14,866 fo} 
Bicep rica ciesas soak WoL: 4 0 o 0 0 1,571 o 
Pope | oe ae ERED Se 528 hae an aa 2 to) fo) (0) (0) ou a 
Dinners cea emtee neeet a I 0 5 o 10, 
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During 1940, the wells completed num- 
bered 3829, of which 3064 were oil pro- 
ducers, 16 were gas producers and 749 
were dry holes (Table 2). Of the total, 
523 are classified as wildcat wells and of 
these 48 (or 9.2 per cent) were successful 
in obtaining production; 30 discovered 
new fields and 18 discovered extensions to 
known fields (Table 4 and Fig. 2). 

The sequence of rock strata and relative 
positions of the producing zones are shown 
in Fig. 3. 

The results of an investigation to ascer- 
tain the reason for the locations of as many 
as possible of the wildcat wells are set 
forth in the following table: 


Total 
“14: Success-| Per 
Reason for Drilling Num- 
ae ful Cent 
Geology, geophysics and 
geochemistry............| 303 45 15.0 
Not based on geologic or 
geophysical information. . 170 2 ee | 
Waku J tencics wietey tieics 50 I 2.0 
Motel: sanirete tka. tractors 523 48 9.2 


Of the 523 wildcat wells, the 303 known 
to have been located by scientific methods 
were 15 per cent successful whereas the 
remaining 220 were only 1.3 per cent 
successful. The total footage of wildcat 
wells drilled in 1940 was 1,092,011 ft., of 
which a total of 121,342 ft. was drilled in 
successful wildcat wells. . 
The number of producing wells in the 
new fields increased from 5042 at the 
beginning to 7965 at the end of 1040. 
There were 361 drilling operations in the 
state at the end of the year. As of Dec. 31, 
1940, of this number 248 were in the new 
fields. The area proved for production in 
the new fields increased from 54,210 acres 
at the beginning of the year to 78,040 
acres at the end, an increase of 23,830 
acres, of which 6480 acres are in the 30 
fields discovered in 1940 and the remainder, 
17,350 acres, in extensions to known fields. 


OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1940 


Economic DATA 


On the basis of posted prices, the total 
value of the oil produced in 1940 was 
approximately $158,746,200. The average 
price calculated from the available data 
on production and prices for the state was 
$1.05 per barrel to Aug. 21 and $1.15 per 
barrel for the remainder of the year. 
Posted prices for Illinois crude oil in 1940 
were as shown in Table 3. 


TABLE 3.—Posted Prices for Illinois Crude 


im 1940 

ne. Oct May | Aug. |} Aug. | Dec 
Beginning 21, 25, zr, 21, 31, 
Date 1939 | 1940 | 1940 | 1940 | 194 
Old fields. ...../$0.95 |$0.95 |$0.95 |$1.00 |$1.00 

Central basin 
fieldayinke ds T,05 )-1L.05\} 3.05 | s.. 25a 
Salem area. .s.] 3.05 | 1.05 | 2.05 |) Tots patoee 
Griffin area: ...| 0.95 |). x.00°] 1.05 | Ting eyebers 


In 1940, a total of 9,573,034 ft. of hole 
was drilled in the state. Of this amount 
7,922,464 ft. was drilled in producing 
wells. If an average cost of $3.00 per foot 
is assumed, the total investment in drilling 
was $28,719,102, including both producing 
wells and dry holes. The average depth of 
all wells drilled in the state in 1940 was 
2500 ft., which is almost 500 ft. deeper 
than a year ago. This difference is ac- 
counted for in the development of deeper 
“pays”? in proven fields and exploration 
in the deep basin area. 

The average initial daily production 
of the oil wells was 573 bbl., an increase of 
195 bbl. per well over last year’s figure. 
The increase is due to the large Devonian 
wells in Salem and Centralia fields. 


Pree LINES AND REFINERIES 


Pipe-line construction in Illinois was less 
extensive in 1940 than in the previous year. 
The construction of crude-oil lines was 
principally to provide outlets for the new 
fields in Wabash, White and Hamilton 
Counties. It is estimated that the total 
daily capacity of the crude-oil lines in the 
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OIL AND GAS FIELDS OF ILLINOIS 
@ Fields prior to 1937; @ ebandoned. 
o Discoveries in 1937, 1938, 1939; 


abandoned. 


@ Discoveries in 190, 


NEW FIELDS IN 190 


1. Waggoner; Montgomery 16. North Boos; Jasper 
2. Raymond; Montgomery 17. Boos; Jasper 
c Woburn; Bon 15. West Liberty; Jasper 
+ West Centralia; Clinton 19. Aldion; Edwards 
5. Irvington; Washington 20. Burnt Prairie; White 
6. McKinley; Washin nan : 21. Centerville; Waite 
f° Woodlawn; Jefferson 22. Carmi; White 
- Thompsonville; Franklin 23. tron; white 
9. Mason; Effingham 2h. Herald; White 
10. West Enterprise; Wayne 25. Roland; White 
11. Roundprairie; Wayne 26. Omaha; Gallatin 
12. Belle Prairie; Hamilton ry Ie Inman; Gallatin 
13. Hoodville; Hamilton 28. Lancaster; Wabash, Lawrence 
14. Dale; Hamilton 29. Mt. Carmel; Wabash 


Hidalgo; Jasper 30. Maud; Wabash 
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Fic. 2.—OIL AND GAS FIELDS OF ILLINOIS, LISTING THE DISCOVERIES IN 1940. 
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state is approximately 550,000 bbl. Pipe- 
line construction in Illinois during 1940 
was as follows: 


Crude Oil 


Illinois Pipe Line Co.—16 miles 8-in., 
40 miles r1o-in., Enfield, Ill., White 
County, to Bridgeport, Ill.; 8 miles 
to-in. “loop,” Sandoval to Patoka. 

Texas Company.— 42 miles 1o-in. ‘‘loop,” 
Salem field to Heyworth; 38 miles 
12-in. “loop,” Heyworth to Wilmington. 

Shell Oil Co., Inc.—6 miles 8-in., Centralia 
field to Sandoval, Ill. 

Superior Oil Co.—28 miles 6-in., Albion 
pool to Mt. Vernon, Ind. 

Sohio Pipe Line Co.—32 miles 4-in., Dale 
field to Mt. Vernon, Ind. 

Gulf Refining Co.—1o miles 6-in. and 8-in., 
Centralia field to trunk line near Boulder, 
Il. 

Sun Oil Co.—11 miles 6-in., Centerville 
field to New Harmony field. 

Hal R. Compton.—35 miles 4-in. outlets 
to fields in White, Wabash, Edwards 
Counties. 


Gasoline 


Lawrence Pipe Line Co.—55 miles 6-in. 
gasoline line Lawrenceville, Ill. to Mt. 
Vernon, Ind. 


Natural Gas 


Panhandle Eastern Pipeline Co.—28 miles 
24-in., 50 miles 22-in., 24 miles 20-in. 
loops in line across central Illinois. 

Natural Gas Pipe Line Co. of America.— 
under construction, 162 miles 20-in. 
Geneseo, Ill. to Milwaukee, Wis. 


Early in 1940 the capacities of most 
refineries in the state were enlarged in order 
to handle the increased supply of Illinois 
crude oil. The Wood River Oil and Refining 
Co. constructed a new refinery near Wood 
River, Ill., with a daily capacity of 7500 
bbl. This brings the total capacity of all 
refineries in the state up to 258,750 bbl. 
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daily, an increase of 65,400 bbl. over the 
capacity a year ago. 


Owing to the decline in production — : 


during the latter part of 1940, and the 
increased price of crude oil, eight small 


refineries having a capacity of 2000 bbl. 


or less per day, located near the new fields 
in southern Illinois shut down operations. 
At the end of the year 21 of the 29 refin- 
eries in the state were in operation. 
During the year, 79.5 per cent of Illinois’ 
crude-oil production was sent to refineries 
in the Central refining district (Illinois, 
Indiana, Kentucky, Michigan, and western 
Ohio), 16.0 per cent to the Appalachian 
refining district (eastern Ohio, western 


New York, western Pennsylvania, and 
West Virginia), and 4.5 per cent to the 
Atlantic seaboard. For December 1940 — 
the runs to stills in the Central and Appa- © 
lachian refining districts were 23,196,000 © 


bbl. Of this amount, Illinois production 


. 


was 44.7 per cent. Stocks of crude petro- — 
leum on hand in Illinois on Dec. 31, 1940, 
were 13,944,000 bbl., as compared with ~ 


: 
. 
| 


12,983,000 bbl. on Dec. 31, 1939. Stocks of 
refined products in the Central and Ap- 
palachian refining districts compared with 
the previous year are as follows: 


Dec. 31, 1940, 
Bbl. 


Dec. 31, 1939, 
Bbl. 


Product 
Gasoline cut. se wes 19,305,000 17,465,000 
Gas <e and distillate 4 
ALOU 5. 5 cc aie ss (pte as 9,665,000 1759,000 
Residual fuel oil. .... 3,248,000 ages 


PRODUCTION OF NATURAL GAS 


Natural gas was marketed from the 
Ayers and Russellville gas fields and the 
Salem and Louden oil fields during ro4o. 
The Ayers gas field, in Bond County, 
produced 13,777,300 cu. ft. of gas in 1940, 


which brings the total production from 


the field to 194,403,400 cu. ft. Production 
is at an average depth of o4o ft. from the 
Aux Vases sandstone of the Chester series. 
The field has a productive area of 325 acres 


—- se 
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and the average thickness of the ‘“‘pay”’ is 
5 ft. Seven wells are producing, none of 
which was new in 1940. They supply gas 
to the city of Greenville, Illinois. 


TABLE 6.—Illinois Completions and Produc- 
tion Since Jan. 1, 1936 


Num: Production,! 
Beas) ee Thousands Bbl. 
Date Com- | Pro- 

ple- | que | old 

ti ing New ( 

10S | Wells | Fields |Fields2] Total 
92 52 4,445 
449 292 2,884) 4,542 7,420 

-| 2,542 | 2,010 | 10,771| 4,304 | 24,075 

3,675 | 2,970 | 90,908] 4,004 | 94,912 
234 183 EL, ¢72 328 II,500 
306 268 IT. 372\e- 355 11,727 
281 242 13,244) 336 13,580 
286 254 12,564] 347 I2,QII 
399 | 342 | 13,427/ 406 | 13,833 
391 338 14,793] 401 15,194 
341 251 13,381] 424 13,805 
414 313 | 11,640] 435 | 12,075 
333 262 10,520] 405 10,925 
280 213 10,305] 430 10,795 
328 245 9,702| 387 | 10,089 
236 169 9,957| 397 10,354 

3,829 | 3,080 | 142,137| 4,651 | 146,788 


1The figures for total production are from the 
U.S. Bureau of Mines; other figures are from various 
sources. 

2Tncludes Devonian production at Sandoval and 
Bartelso. 


Continued development during 1940 in 
the Russellville gas field in northeastern 
Lawrence County increased the productive 
acreage to 1600 acres, which is 680 acres 
more than a year ago. As of Jan. 1, 1941, 
there were 41 producing wells in the field. 
Production is from the Buchanan sand of 
lower Pennsylvanian age, which is en- 
countered at a depth of rogo ft. The aver- 
age thickness of the “pay” is to ft. The 
total production for the field to the end of 
1940 WAS 1,955,500,000 cu. ft., 890,400,000 
cu. ft. being produced in 1940. 

Natural-gas production for 1940 in the 
Louden field is estimated to be approxi- 
mately 11 billion cu. ft. The average daily 
production in December 1940 was esti- 
mated to be 28,000,000 cu. ft. Of this 
amount 10,000,000 cu. ft. of gas was 
processed in the Carter Oil Company’s 
two natural-gasoline plants. There is a 


295 


shrinkage of 2,800,000 cu. ft. of gas in the 
plants, which is accounted for in the 
natural gasoline, butane, and propane 
produced and in fuel for plant operation. 
The total yield of natural-gasoline butane 
and propane is approximately 3.2 gal. per 
thousand cubic feet of “wet” gas. Two 
and one-half million cubic feet of the “dry” 
residue gas was injected daily into the 
producing sands through 63 input wells. 
The town of St. Elmo, IIl., and local 
industries are supplied by the Monarch 
Gas Co. with this residue gas from the 
natural-gasoline plants and from a lease 
in the field that is producing “dry” gas 
from a basal Pennsylvanian sandstone, 
encountered at a depth of 1071 ft. The 
amount of the residue gas marketed during 
1940 was 215,376,000 cu. ft. and the 
amount of gas marketed from the lease 
was 13,575,000 cu. ft. The Monarch Gas 
Co. constructed a pipe line to Brownstown, 
IlL., to supply the town with natural gas 


starting about Jan. 1, 1941. 


In the Louden field during December 
1940, approximately three million cubic 
feet of ‘‘wet” gas was used daily in field 
operations and the remaining 15,000,000 
cu. ft. was burned in flares. 

The production of natural gas with the 
oil in the Salem field for 1940 is estimated 
to be 71 billion cu. ft. The average daily 
production for December is estimated to 
be 117,000,000 cu. ft. Of this amount 52 
million cu. ft. of gas was processed daily 
in the three natural-gasoline plants in the 
field. The plants are owned and operated 
by the Texas Company, Warren Petroleum 
Co., and the Sunflower Natural Gasoline 
Co. The total yield of natural gasoline, 
butane, and propane is approximately 
2.6 gal. per thousand cubic feet of ‘‘wet”’ 
gas. 

The city of Salem, IIl., is using residue 
gas from the Sunflower Natural Gasoline 
Company’s plant and the Warren Petro- 
leum Company’s natural-gasoline plant 
in the Salem field. The city began to use 
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the gas about Oct. 1, 1940, and is taking 
approximately 350,000 cu. ft. daily. 

A small amount of the gas produced in 
the field is used in field operations and the 
remainder of the ‘‘wet”’ gas and the “‘dry”’ 
gas not marketed or returned to the pro- 
ducing formation is burned in flares. 

Natural-gas production in the Centralia 
field during 1940, which was principally 
from the Devonian limestone, was esti- 
mated to be approximately tro billion cu. 
ft. Gas production in the field was greatest 
during the development of the Devonian 
limestone early in 1940, when the gas-oil 
ratio was 2000 cu. ft. per barrel. During 
December 10940, it was estimated that 
the gas production was approximately 
4,000,000 cu. ft. daily. Natural gas from 
the Devonian limestone is used in repres- 
suring the Cypress and Bethel sandstones 
on two leases in the field. In three input 
wells 100,000 cu. ft. of gas daily is injected 
in the Bethel sandstone and 60,000 cu. ft. 
of gas is injected daily in the Cypress 
sandstone through one input well. 

The total volume of gas produced in the 
Storms field, White County, during 1940 
was estimated to be approximately 22 
billion cu. ft. The daily production during 
December was estimated to be 18,000,000 
cu. ft. This is a considerable decrease from 
the beginning of the year, when the produc- 
tion was estimated to be 100,000,000 cu. ft. 
daily. As of Jan. 1, 1940, there were 130 
producing wells in the field, three of which 
were strictly gas wells that were shut in. 
The initial production of gas produced 
with the oil in some wells completed in 
the field during 1940 was as much as 
30,000,000 cu. ft. daily. As yet no gas has 
been marketed from the field. 

Gas production in the Central basin 
fields in Jasper, Richland, Clay, Wayne, 
and northwestern White Counties has 
declined during 1940, particularly in the 
older fields such as Clay City and Noble. 
The total gas production during 1940 for 
this area is estimated to be approximately 
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16 billion cu. ft., with a daily production 
of approximately 45,000,000 cu. ft. None 
of the gas is marketed, but much is used 


in lease operations and heat treatment of © 


the oil. 


Natural gas was discovered in the W. N. — 


Lee et al.-Thomas Sharf No. 1, C. NW4 
SW% SEX sec. 27, T.7 N., R.4 W., Bond 
County, on the Panama dome, which is a 


structure mapped on coal No. 6.1 The gas — 
sand, which is of lower Pennsylvanian — 


age, was found at a depth of from 556 to 


595 ft. The initial production of the well — 


was 50c,000 cu. ft. A well was drilled 
offsetting the Sharf No. 1, which had an 
estimated initial production of 1,000,000 
cu. ft. More wells are to be drilled in the 


area in an attempt to obtain a sufficient — 


supply of gas for marketing. 


NATURAL GASOLINE 


Natural gasoline is produced at some 


46 plants in the old southeastern field, at — 


three plants in the Salem field and at two 
plants in the Louden field. According to 
the U. S. Bureau of Mines,? Illinois pro- 
duced 21,432,000 gal. of natural gasoline 
in 1940. In January, the amount was 
998,000 gal.; the other months ran from 
1,062,0c0 to 3,461,000 (December). Statis- 
tics on the production of propane and 
butane in 194c are not yet available. 


EXPLORATION METHODS 


Subsurface geology and_ geophysics, 
largely the reflection seismograph, are still 
the principal methods used in guiding ex- 
ploration and development. Most of the 
seismograph activity during 1940 was in 
southern Illinois in White, Hamilton, 
Franklin, Williamson, Saline and Gallatin 
Counties. The number of seismograph 
parties operating in the state throughout 
the year was as follows: 


1A, H. Bell: The Sorento Dome. Ill. Geol. Survey, 
Illinois Petroleum No. 6 (1926) 7, Fig. 2. 

*G. R. Hopkins, personal communication April 3, 
1041. 
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Number Number 
Date of, Date fe) 
Parties Parties 
Wan. T, T9O40... .. iy} Octe i, 1o“0re: 9 
HE: Pe. .< 13 Jan. 2, £O4r... ond 
TA A eae eee II 


Gravimeter exploration was conducted 
by at least three major companies during 
the year and a number of magnetometer 
surveys were made in the Illinois basin. 

Several companies and individuals have 


employed geochemical and electrical ex- 


ploration methods in many areas of 


southern Illinois. The exploration work 


was done principally by four companies 


with district representatives in the state. 
These methods have been used for both 


reconnaissance and detail studies. 


DEEP TESTS DURING 1940 (TABLE 5) 


The St. Peter sandstone was tested in 


the Carlyle, Mattoon, Sandoval and Cisne 


fields but was not found productive. In 
the Carter Oil Company’s Seaman No. 1 


well in the Mattoon field, there was a show 


_ of oil at a depth of 4600 ft. in the Glenwood 
sandstone overlying the St. Peter sand- 
-stone. No shows of oil were reported below 


the McClosky limestone in the Pure Oil 


-Company’s Stella Billington No. 3, drilled 
-in the Cisne pool. This well, which is the 
~ deepest well drilled in the state to date, 


sandstone was 


was abandoned at a depth of 7207 ft. The 
top of the St. Peter sandstone was en- 
countered at a depth of 7114 ft. The 
so hard and “tight” 


that many drilling bits were used in the 
_ thickness penetrated. 


7 


Another St. Peter test of considerable 
interest was the Texas Company’s Tate 
No. 21 well in the Salem pool, which was 
completed early in 1941. The total depth 
of the well was 5655 ft., 405 ft. below the 


top of the St. Peter sandstone, which was 


reached at a depth of 5250 ft. The St. 


Peter was found to be 167 ft. thick. No 
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shows were reported below the “Trenton” 
limestone. 

The ‘Trenton” limestone was tested 
in the Fairman, Centralia and Salem fields 
and was found productive in the last two 
mentioned. Production from this formation 
was small in the Centralia pool but was 
somewhat better in the Salem pool. 

The Devonian limestone was tested in 
Albion, West Liberty, Patoka, North Aden 
and Phillipstown fields, but it was not 
productive. 

There is a revived interest in the possi- 
bility of deeper production in the old 
Allendale field in northeastern Wabash 
County. Early in 1941 a well was com- 
pleted in the Bethel sandstone at a depth 
of 2,011 feet which had an initial production 
of 250 barrels on pump. The well was drilled 
in one of the areas recommended for deeper 
testing by the Ilinois Geological Survey.® 
Other wells have since been completed 
in the Bethel sandstone in this area. 


SECONDARY RECOVERY 


Repressuring.—Repressuring of the 
Bethel and Aux Vases sandstones of the 
Chester series and the McClosky limestone 
of the Lower Mississippian system in the 
Salem field was continued by the Texas 
Company. At the end of the year about 
2.5 million cu. ft. of “dry” gas daily was 
being injected into 32 gas-input wells. 
Thirteen new input wells were drilled in 
1940 and eight formerly producing wells 
were changed to gas-input wells. 

Additional gas-input wells were drilled 
by the Carter Oil Co. for its repressuring 
project in the Louden field during 1940. 
On Dec. 31, 1940, there were 63 input wells 
in operation in the Cypress, Paint Creek 
“Stray” and Bethel sandstones of the 
Chester series. The total daily amount of 
“dry” gas returned to the producing forma- 
tions was 2.5 million cubic feet. 

3G. F. Moulton: Deeper Production in the Allen- 


dale Oil Field, Ill. Geol. Survey, Illinois Petroleum 
No. 12 (1927) 16, Fig. 2. 
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Repressuring of the Cypress and Bethel 
sandstones in the northern part of the 
Centralia field was begun during the latter 
part of ro4o. One input well was drilled 
to the Cypress sandstone on one lease and 
60,000 cu. ft. of gas from the Devonian 
limestone is injected daily into the forma- 
tion. Three input wells were drilled to the 
Bethel sandstone on another lease and 
100,000 cu. ft. of gas is injected daily 
into this formation. An increase in gas 
volume and some increase in oil production 
was obtained in the wells on the lease. 

W ater-flooding.—Water-flooding of the 
McClosky limestone by the Pure Oil Co. 
on the B. Travis lease, sec. 33, T.3 N., 
R.8 E., Clay County, was discontinued 
early in 1940. Another project was started 
in March 1940 on the T. H. Tetrick lease, 
sec. 9, T.2 N., R.8 E., Clay County, by the 
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same company. The experiment was con- 
ducted until October 1940, during which | 
time 225,000 bbl. of water was injected 
into the McClosky limestone. Both experi- 
ments were discontinued because of the 
inconclusive and conflicting evidence re- 
garding the effects upon production. 

During 1940 there was little change in 
repressuring or water-flooding operations 
in the old southeastern Illinois field or in 
the old fields of western and southwestern 
Illinois. 


ACKNOWLEDGMENTS 


The writers are indebted to many com- 
panies and individuals who furnished data 
for this report. Dr. W. H. Easton, Mr. — 
R. B. Ralston and Mr. W. F. Meents, all 
of the Survey staff, assisted in the com-_ 


; 


pilation of statistical data. 


Oil and Gas Development in Indiana in 1940 
By Gait Pox* 


Ort and gas activity reached a higher pool also proved spotty, with production 
_ peak in Indiana during 1940 than for any from shallow Pennsylvanian sands and 
like period during the past decade. Major from the Basal Pennsylvanian Mansfield 
activity, as during 1939, was in the south- sandstone, the latter at a depth of approxi- 
western part of the state, the Indiana mately 1175 ft., with small production from 
portion of the Eastern Interior Coal Basin, the Cypress sandstone of Chester age. Oil 
where most of the increase was due to field _ wells in this pool are small, ranging from 
drilling in previously proven areas. The 25 to 75 bbl. a day. The Randolph County 
amount of wildcat drilling was about the area, on the east side of the Trenton gas 
same as for 1939. No new fields of any field, showed some promise for a commer- 
"apparent consequence were discovered cial gas field, with four completed gas wells 
_ during the year, with the possible exception having cumulative initial flows of about 
of the College pool, in southwest Posey 1,200,000 cu. ft. a day. The area appar- 
County. Only one well had been completed ently was not depleted during the Trenton 
in this area at the end of the year. About boom at the turn of the century, since 
to ft. of saturated Aux Vases sandstone casing pressures are about as high as the 
was drilled in this well and the initial virgin pressure in the old field. Elsewhere 
production was 100 bbl. of oila day. Other the pressure has dropped as low as 5 
discoveries during the year 1940 include: pounds. 

St. Thomas, in southwestern Knox County, The Griffin field received most of the 
where four McClosky wells, ranging from’ drilling during 1940, with 163 completed 
100 to 300 bbl. a day initially, were com- oil wells. This field now covers about 3200 
pleted; Buffkin, in central Posey County, acres on the Indiana side of the Wabash 
: with rz oil wells and 5 gas wells completed; River and is not as yet completely de- 
and new developments in two old areas limited. It produced the major part of 
-—Randolph County (part of the old Tren- Indiana’s oil during the year—a total of 
ton field) and Gentryville, northwestern 3,597,000 bbl. At the end of 1940, there 
Spencer County, where some oil was found were 253 producing wells in Griffin. New 
“many years ago. Harmony had five completions for a total 

The St. Thomas field proved disappoint- of 24. The Rockport field, in Spencer 
‘ing, with very spotty production from the County, continued to be actively developed 
“McClosky horizon of the St. Genevieve and had a total of 45 gas wells and 9 oil 
limestone at a depth of about 1875 ft. The _ wells at the end of the year. Oil in commer- 
‘discovery well flowed 362 bbl. a day ini- cial quantities had not been found in the 
, tially. At the end of the year the field was _ field previous to 1940. Total gas production 

pretty well outlined by dry holes and some for the year was 394,470,000 cubic feet. 
‘inside locations were dry. The Buffkin In all, 521 wells were drilled in the state 
during 1940, as compared to 377 for 1939. 

Manuscript received at the office of the Institute Of this number 248 were oil wells, 77 were 


April 10, I.. ae : 
TF State Gas Supervisor, Indianapolis, Ind. gas wells and 196 were dry. Divided into 
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TABLE 1.—Oil and Gas Production in Indiana 


Area Proved, Total Oil Production, ‘ 
Acres Bbl. : 
Year ; i 
of : 
Field, County Dis- 
cov- - 
ke ery . To End of During 
4 Oh dene 1940 1940 
i] ‘ 
a F 
g 
Ta 4 | 
LIA ord aP tha ses. keky Oe pga Sala aor aaa eo = ee ee 1919 240 960 3ra,rr2 3,600 
2) Blairaville, Posey=V. ander bungli.male 1a: vara s om etaetie ele eas seca als\« «ain. eee 1933 350 0 398,202 34,329 | 
Bil SSPIREO Welk CNTY i cicuceeett acs abe ona: etait Re ett ka Taree logs 1929 180 120 61,crx 1,442 
7 
ee 
4 Bultkin; Poseyten «ate t, Aart nao Gita atin seed oe eee 1940 200 80 23,800 23,800 - 
64. Cannel burg Da tiess ee ciiia, perce oxctivel- See rarcancintnn Seeeeigie  eiole eats ee 1925 6r2 5a y 2,900 
Oi Collagen Pasey eee, ake ee ea ee ee ee ee 1940 40 0 3,500 3,500 
Va yee cog Ci, ee en a ene ee 1929 950 150 137,rrz 38,910 
8: Greensburg: Decatur:§ cles. sotwraa aie Pee ys pies ends ano aes 1893 0 | 37,000 0 0 
9. 'Grifin, Gsbaon-Pogeytec ec. och cok 4 Sor. nt en eee eas oftehan Cds ate 1938 3,200 0 4,300,000 | 3,597,000 
10° Harmon; Pikes sense snrectch & aria eR teh Petree a Moats oe ae mo ae a 1928 20 62x 0 0 
11)| Harrison Harrison’ . 260, va. cdioe bd toiairottata nai iia e aiclotare rai 1910 0 6,622 0 0 
[2s PLCUSION SE OREN Sc cxsre. cok wis clen bed Sam es tiets aia Niele gare oat rea tacaial tales eee 1938 250 0 444.648 276,000 
13") Ehidsonville,-Damese-Pike, occa... Jctancesy coma h eae eaten en kre 1929 0 1,0zz 0 0 
1A Leogootes, Martin-Dasieed c.:4..\-\s0u velae aout aaron POs se ane ame 1900 3rr 1,922 y 0 
15 Monroei City skinot oth tees cad. cleat koe ties < tates Geet © 1922 4zx 0 y 1,100 
161 New Harmony, P0e6y sao. ones ta ale <a a eer: os tee 1939 300 0 509,000 466,000 
7 OaklandiChty, Pthe cass. 5 sel, abit, oe c hereto tesla heat oancaen tee 1907 3,lxz Qea y 20,805 
13) Oaktowns K nogan. « faevae cs cedllash ebvastepaiee ulten ee eines alee 1930 40 1,000 58,r2z 2,222 
19 | Oatesville-Wheeling, Pike-Gibson..............cccceececcevccevcceees 1919 1,922 0 y 136,510 
201) Prairie: Creeks Vigo. aah steep vslctens Vash © ca cele + Soihele Mieis.< = eee ee 1937 600 0 405,100 121,999 
21) Riley, Vigo....... Sch O.e Geo yy OC COD Sao oath me On cisG Cees 1906 640 0 lrz,rrr 1,825 
22'| Rook Hill-Grandview as pencereasetyisiade nica vac bvite tameres”s catanenenee 1928 160 0 59,rrr 5,902 
23) Rocknore, spencer ies aol ties eta rae 0 ule ace es vine bist ore eae 1939 125 1,400 23,324 23,324 
24 | Shelburn-Graysville, Sullivan. ..... 0.0... cule eeceeuncccueucccscnccens 1911 5,0rz 1,6z2 6,9r2,r22 65,960 
O5 tSlon: Rultoh-Pigucct oe ca Pe Oe ee 1926 | 750 0| 28cxz0r | 126,279 
20) Sbs Thomas, Knozis joo otters task Sanne wane helene eee 1940 60 0 28,750 28,750 
DT EPOCH S MARY crc he cate ora rienced ce na ett eate alee n eee tee 1886 | 127,crx | 650,crx | 107,cr2,r02 30,222 
28 | Tri-County-Somerville, Pike-Gibson.......0.0. 0.6. ccc ce cece teen e ee eas 1925 350 80 160,2ra 12,675 
291) Trove Tell: Greys Perrys pence: .cccsc- «iss sete Anum eniy cance rere 1928 850 80 103,522 13,496 
80: Union-Bowman, Pike-(isbeon sate meee esas ticks ac aics cae 1916 4,622 5rxr y 182,700 
$15) Umionvalla: Monroata ents .cateic saiulc temic acai Rhea Oe me 1929 0 14cr 0 
$2') Vanderburgh, Vanderburgh. cocina vs chcvata cate he ceccnatateitons on 1931 580 0 400,222 35,602 
Bat. Veale; Dantare rann't..'sts eden cu. oct e Mada note On eee leita, at eet 1926 400 0 y 12,600 


» Footnotes to column heads and explanation of symbols are given on page 256. 
1 Extends into Illinois. 
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ee ee ee 
Total G: i 7, Oil-productio Ri i 
a Number of Oil and/or Gas Wells Rpthode | ‘Pressure, | Character 
End of 1940 | Lb. per Sq. In. |  % OF 
- Number 
During 1940 End of 1940 of Wells % 
3 To End During 2g =e el : 
g of 1940 1940 we| yx SHE | w 4 z Py “3 
a Bs 3 8 BA | 6 2 w | is ro Ne 
Z Bing A ©) | Gea ie Sree sees z= aS Boe 
| as 8 s | 82/ se | 33 F | 6s | = wor Bo 
a One| oO Bi fe) GO pro ig | a4) 8 | = Bol aa 
1 6a 96 0 0 0 7 21 7 y 35 38 
2 0 39 5 0 0 29 0 0 29 30.5 
3 0 45 0 5 0 Qa 0 Qa 33 
4 y y a1) 21 0 0 15 0 0 15 y 
5 y 0 62 5 1 0 17 0 0 17 y 
6 0 0 1 1 0 0 1 0 0 1 ¥ 
7 1,243.7 5.0 42 4 0 3 26 1 0 26 | 690 y | 26-38.6 
8 4,122.0 185.35 38a 17 1 0 0 153 275 100 
9 0 0 253 | 163 oy 0 | 251 0 | Ix. | 24x 37-39 
10 y Ir 28 0 0 0 0 4 0 0 | 450 25 
11 3,702 182 120 5 1 0 0 40 0 Onl etizs mal ad 20 
12 0 0 30 8 0 0 30 0 0 30 37 
13 y 22.0 51 0 0 0 0 9 0 0 | 275 y 
14 y 7.2 58 0 2 0 0 6 0 0 | 250 70 
15 0 0 15 0 0 0 7 0 0 7 y 
16 0 0 24 5 0 0 24 0 0 24 39 
17 0 0 263 0 0 0 31 0 0 31 28 
18 1,806.9 119.8 78 0 0 0 5 34 0 De eel, allt 25 35 
19 0 0 253 0 2 0 | 190 0 0 | 190 32 
20 0 0 20 2 3 1 16 0 0 16 40 
21 0 0 33 0 0 0 1 0 0 1 50 
22 0 0 17 0 1 0 14 0 0 14 34 
«93 394.47 394.47, 55 | 36 0 3 7 45 0 9 | 390 | 320 36.7 
24 1,rxx 35.77| 1,097 4 9 x | 343 20 o | 343 | 110 30 35 
25 0 0 83 0 7 0 50 0 0 50 46 
26 0 0 4 4 0 0 4 0 0 4 y 
oT 802,000 Qua 26,522 15 36 y 25a 5ax 0 252 325 y 36 
28 y y 74 0 0 0 20 0 0 20 y y 34 
29 393.7 12.2 75 1 1 0 23 4 0 23 y 45 34 
zm 30 y y 399 0 5 Sen meee y 0 | 279 y y 34-36 
31° 0 0 7 a Ooms 00 bt? 0 0 | 0 0 | 250 y 
= 32 0 0 92 0) 0 0 55 0 0 55 30.5 
33 0 0 2B 0 0 0 27 0 0 27 ¥ 
34 y 0 150 0 8 0 37 0 0 37 35 
e 35 0 0 3 2 1 0 2 0 0 2 y 
me «36 1,244.09 
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TABLE 1.—(Continued) 


Deepest Zone a 


Producing Formation to End of 1940 
Depth, Avg. Ft. 
me g 
3 Name Agee S Le beat ee Name 
g = 3% | Top Prod. | Bottoms [Si] § S 
a g 8 Zone Prod. Wells |E =| 3 
o 3 = A 2 iy 
5 5 & 2) 8 A 
630 640 
1 | Oakland City and Brownsands | MisU § Por ao, ere 10 | A_ | St. Louis 1,41 
2 | Mansfield PenL iS} 25 1,007 1,031 30 | ML | Chester 19) 
3 | Tar Springs, Cypress, Elwren | MisU 8 | Por { a = } 20 | ML | St. Genevieve 
. ies . 
Pen M(1-2) . 2 
4 | Pen (1-2), Mansfield, Cypress} Penl,Misu| % | Por {85 L179 12) A | St. Genevieve (Aaa 
5 | L. Chester MisU S Por "630 ‘640 y | A_ | Chester 
6 a a aak Con s Por oo —s 10 | y | St. Genevieve | 2,68 
7 | Brown, McClosky is ‘ P - 
MisM OL, L Por { 1,600 1,650 25 A | Ordovician 4,00 | 
8 | Trenton OrdM L Por 886 907 10 | A | Pre-Cambrian | 3, 
9 | Tar Springs, Waltersburg, El- | ( MisU 
wren, Aux Vases, McClosky (1-2-3-4), 8, OL Por 2,150 2,900 y | AF | Salem 3,18. 
is 
10 | Mooretown MisU § Por 1,100 1,125 15} A | St. Genevieve | 1,321 
11 | New Albany DevU H Fis 650 680 20 | M | Trenton 1,77 
12 | Waltersburg, Tar Springs MisU 8 Por vee joan } 25 | AF | St. Genevieve | 2,643 _ 
13 | Barker MisU 8 Por 660 10 | T | St. Louis 1,575 
14 | Mooretown MisU 8 Por : bn 540 10 | A | Trenton 3,02. 
15 | Mansfield, Cypress, Moore- | PenL(1), §, L Por 1,475 1240 y | M | Salem 1,935 
town, Paoli MisU (2-3-4) 1,560 1,560 
16 | Waltersburg, McClosky MisU, MisM 8, OL 2,150 2,900 31} A | St. Louis 3,028 
17 | Oakland City, Brown MisU 8 riz} | 10] A |Paoi - | 1,444 
18 | Staunton PenL 8 a y | ML | St. Genevieve | 1,592 
19 | Sample, Cypress, Mooretown, | MisU § (1-2-3) } 
Pacli (4) y | A | Harrodsburg | 2,050 
20 | Corniferous Niagara DevM, SilM L y | D_ | Silurian Bom D 
21 | Corniferous DevM L y| A_|Ni 1,802 
22 | Sample oy MisU 8 10 | MC | St. Genevieve | 1,500 
23 | Penn, Palestine PenL, MisU Ny} 10 | A | St. Louis 1,70 
24 | Penn 1-2-3-4, Harrodsburg, | ( PenL 8(1-2-3-4), 640-730 oe 
Niagara hey Bom L 800-1,400 |810-1,500 y | AM | Silurian 2,870 
25 | Corniferous, Niagara DevM, SilM L D | Trento 
26 | McClosky MisM OL H y | St. Genevieve ; 
27 | Trenton Ord L, D y | A | Pre-Cambrian |3 
28 | Brazil, Oakland City Pen, MisU 8 {1317 | 1g35f | 10] A |St.Genevieve | 1,998 
492 
29 | Sample, Cypress, Mooretown | MisU 8 Por ibe at y |NMF| ‘Mis Lime’ | 1,708 
805 827 
30 | Cypress, Mooretown, Paoli MisU S(1-2) 945 950 
; L(8) Por { 1,233 1,250 \ y | A | Salem 2,205 
31 | Corniferous DevM Por 800 850 40 | AF | Trenton “| 2,102 
32 | Mansfield PenL 8 Por 899 911 y | ML | St. Genevieve | 2,435 
33 | McClosky MisM OL | Por 1,161 | 1,169 10 | A | Devonian 2,618 
34 | West Princeton | PenL 8 Por 890 920 y| A |S8t. Louis 3,9 
a McClosky, St. Louis MisM OL,L | Por y y vilouly | 
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TABLE 2.—Summary of Drilling Operations in Indiana 


Important Wildcats Drilled in 1940 


Location 
Total Surface 
County eee Formation 
Sec. Twp Rge. 
JACEE, Af 2 VS A Sop, ee a ee a 24 26 N 14E 1,308 Silurian 
SS ACUROLOMO WH are nec amine 2 Mic pin. chat qrchoic cKO ceocesc 15 10N 7E 1,466 Devonian 
| sn 27 25 N 9W 1,750 Mississippian 
BAGO Ee Sevier cee Stas RNS resin. 8, futher eect Sin dis bak 34 19N 2E 1,825 Devonian 
“2)| IEG 8 Been eae ee Grant 182 18 6E 1,747 Devonian 
DESIG iigdnr the be ee ge eee ee 2N 6W 2,370 Pennsylvanian 
Daviobane etsy care wate Ae le yan an eet Sale’ dyelsa ght 2 2N 5 W 2,090 Pennsylvanian 
TET) iv i Sera Cee eee a 1 3S 5W 1,050 Pennsylvanian 
9} Dubois 4 28 3W 570 Pennsylvanian 
18 5H 1,035 L. Mississippian 
18 5E 870 L, Mississippian 
18 5H 800 L. Mississippian 
28 9W 1,781 Pennsylvanian 
28 9W 1,384 Pennsylvanian 
28 12 W 2,425 Pennsylvanian 
28 11 W 2,208 Pennsylvanian 
va 28 9 W 3,505 Pennsylvanian 
we 35 13 W 2,828 Pennsylvanian 
o 35 12 W 2,714 Pennsylvanian 
Le 38 12 W 2,810 Pennsylvanian 
=A 38 11 W 2,708 Pennsylvanian 
38 9W 1,768 Pennsylvanian 
28 10 W 1,104 Pennsylvanian 
28 10 W 1,515 Pennsylvanian 
Z 18 11 W 1,844 Pennsylvanian 
; 28 9W 1,675 Pennsylvanian 
48 10 W 2,105 Pennsylvanian 
28 12 W 2,802 Pennsylvanian 
28 12 W 2,413 Pennsylvanian 
38 13 W 2,906 Pennsylvanian 
3 38 11 W 2,661 Pennsylvanian 
: 18 10 W 1,803 Pennsylvanian 
6N 5 W 1,780 Pennsylvanian 
TN 5 W 3,214 Pennsylvanian 
7N 6 W 1,727 Pennsylvanian 
18 N 3E 1,111 Devonian 
19 N 3E 992 Devonian 
15N 25 1,400 Devonian 
26N 10E 1,033 Silurian 
5N 3E 570 Mississippian 
32 N 5W 1,130 Silurian 
24N 13 E 3,404 Silurian 
5N 9W 3,680 Pennsylvanian 
5N 7W 2,439 Pennsylvanian 
4N 9 W 3,252 Pennsylvanian 
4 5N 7W 925 Pennsylvanian 
18 12 W 2,415 Pennsylvanian 
, 2N 9W 1,935 Pennsylvanian 
4 2N 11 W 1,881 Pennsylvanian 
2N 11 W 1,973 Pennsylvanian 
21N 8E | 1,383 Silurian 
21N 8E 952 Silurian 
16N 3E 886 Devonian 
16N 5E 1,054 Devonian 
16N 25 1,266 Devonian _ 
2N 4W 2,252 Pennsylvanian 
5N 3 W 1,500 Pennsylvanian 
r 3N 4wWw 573 Pennsylvanian 
4 32 N 8 Ww 880 aie 
i 11 N 3 W 1,135 U. Mississippian 
: 9N 5W 2,578 Pennsylvanian 
1N 7W 1,356 Pennsylvanian 
q 1N 9W 1,708 Pennsylvanian 
4 37 N 5 W 1,105 Devonian 
4 36 N 5 W 393 Devonian 
36 N 5 W 284 Devonian _ 
6S 12 W 1,179 Pennsylvanian 


| 
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Important Wildcats Drilled in 1940 


OIL AND GAS DEVELOPMENT IN INDIANA IN 1940 


Initial Production per Day meg iy 

Deepest 

Horizon Drilled by Remarks 

Tested Oil ee Casi 

. illions asing 
U.S. Bbl. Cu. Ft. 

Basal Trenton Dry hole 
St. Peter Hew Creek Pet. Corp. Dry hole 
St. Peter A. C, Thomas Dry hole 
Oneota Dolomite N. N. Smith Dry hole 
St. Peter N. N. Smith Dry hole 
Devonian D. L. Norris 0.750 890 Deep prod. in old pool 
Devonian Midwest Development Dry hole 
L. Mississippian Il ais ae Corp. Dry hole 
L. Mississippian H.8.M Dry hole 
Trenton L. D. fie et al. Dry hole 
Devonian Floyd Co. Development Dry hole 
Devonian Floyd Co. Development Dry hole 
McClosky Sloss-Walls Dry hole 7 
L. Chester Midwest Development 10 N. Ext. Francisco 
McClosky W. C. McBride, Inc. Dry hole 
McClesky Major Oil of Indiana Dry hole 
Devonian Midwest Development Dry hole | 
McClosky Cherry & Kidd Delimit Griffin on E. 
McClosky Harry Fotiades 300 approx. Discovery Fleener pool 
St. Genevieve Harry Fotiades Delimit Fleener pool 
St. Louis A. L. Braden 145 Discovery Simpson pool 
St. Genevieve 8. M. Kernan Hole junked 
Pennsylvanian United Oil Corp. Dry hole 
L. Chester United Oil Corp. Dry hole 
McClosky Roberts Bros. 1.00 865 Unnamed pool 
McClosky Midwest Development 5 Ext. Francisco 
McClosky Ill.-Ind. Basin Oil Co Dry hole 
St. Louis Cherry & Kidd Dry hole 
McClosky A. P. Buzzini Dry hole 
St. Louis M. H. Brown et al. Dry hole 
McClosky A. L. Braden 10 Owensville pool 
McClosky Newton Pipe Line Dry hole 
Devonian F. R. Young Dry hole 
St. Peter C. N. Schicker Dry hole 
Devonian Midwest Development 0.431 Unnamed pool 
Trenton N. N. Smith Dry hole 
Trenton O. H. Hammer Dry hole 
Trenton Griffin Oil Co., Inc. Dry hole 
Trenton M. J. Anderson Dry hole 
Devonian Favorite Oil & Gas Dry hole 
Trenton Clapsaddle & Harris Dry hole 
Pre-Cambrian Petroleum Dey. Corp. Dry hole 
U. Ordovician M. I. T. Corp. Dry hole 
Devonian Richter & Cain Dry hole 
Silurian Sun Oil Co. Dry hole 
McClosky Mickel Bros. Dry hole 
McClosky Horton-Wiggins Dry hole 
Salem Newton Pipe Line Dry hole 
McClosky W. C. McBride, Inc. 362 Discovery St. Thomas pool 
McClosky W. C. McBride, Inc. Dry hole 
L. Trenton Frontier Pet. Corp. Dry hole 
Trenton Frontier Pet. Corp. 2 Unnamed pool 
Trenton C. E. Jefferson 10 Later abandoned 
Trenton J. W. Adams No gauge Part Old Trenton field 
L. Trenton N.N. Smith Dry hole 
Silurian Steinberger-Smith Dry hole 
Devonian Harrison Development Dry ne 
McClosky Norris & Gilmore Dry 
Trenton Vaughan-Smith 5 pry hot tek, old field) 
Devonian Ellis & Blowers Dry hole 
Trenton — Harry Schwartz et al. Dry hole—cored to Trenton 


McClosky 
McClosky 
Trenton 

Devonian 
Devonian 


Mansfield (B. Penn) 


W. H. Meub 
Newton Pipe Line 
Dail Goodson 
Joe Bander 
Roung-Lowe 
Gulf Refining Co. 


dolomite 
Dry hole 
Dry hole 
Dry hole 
Dry hole 
Unnamed 


if 
Discovery N. Buffkin poo 


aloe 


= ap eT eer lomes 


A tt A EA A mcm a CN ETE AT SP AG te Tt Salts Sette tants King cammcann a 


Gk eX 


field and wildcat wells, the completions 
were as follows: field; oil 228, gas 70, dry, 
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the older fields of the state. This proration 
has been in effect for, the past two years, 


TABLE 2.—(Continued) 
(SS SS ee ee ee ae ee ee ee 
Important Wildcats Drilled in 1940 


Location 
. Total Surface 
County Pept Formation 
Sec. Twp. Rge 
4§$ 13 W 3,013 Pennsylvanian 
68 12 W 2,810 Pennsylvanian 
38 13 W 2,885 Pennsylvanian 
78 15 W 2,744 Pennsylvanian 
48 14 W 2,870 Pennsylvanian 
78 15 W 2,883 Pennsylvanian 
78 15 W 2,841 Pennsylvanian 
78 15 W 2,882 Pennsylvanian 
88 14 W 2,687 Pennsylvanian 
68 14 W 3,005 Pennsylvanian 
14N 5 W 2,829 Mississippian 
13 N 4W 2,560 Mississippian 
RAMBLE veers 1 PRN Ce ren Were ch aiceldees ccs cle wrceew 7N 11E 1,598 Silurian 
euistiancdol hives wceis racers 2 ele bile Fivcaate ne a oiiede 21N 12 E 1,275 Silurian 
“TH SIE SARS Gas 5 oe ne Ieee 5S 5 W 1,210 Pennsylvanian 
Ries ODOR CEN Syren ENG oreo aiiiaie cide Mg alee Maui antes 78 7W 1,050 Pennsylvanian 
Bye PS DENCED ah x Hae Ie acteye incor. e eickaieralshaccseyess!aié.0 visn ovis 658 7W 1,010 Pennsylvanian 
Sa RDEHICER oe eae Meet, oy, Woe. Skea aaiciel os tees 78 6W 1,040 Pennsylvanian 
a8) STDEEOE: ong wa. dke AS SOS ee Oe one oO RSE or ree 88s 6 W 632 Pennsylvanian 
DIA FOMCIECER Meret re ieee alte ses Sia wie e Fow sieve sea ace opie 8S 6 W 1,075 Pennsylvanian 
BS EAU CELe sete Pn a yor ci eaus sl yy aoe a Hieeivis enw 65 7W 1,060 Pennsylvanian 
SUSE STORE de oo rset SRNR Sie eT ee 78 8 W 1,065 Pennsylvanian 
CUIASI OSI (02) 2 peas APNE spe he SE nS eee Co eS 48 4W 2,562 Pennsylvanian 
hill fehl Psa) Oe 3 ee, aoe Gs acer a Ser 38 N 4E 574 Mississippian 
92! St. Joseph 38 N 4B 600 Mississippian 
SOB SPU Pa Bee oa ed ele pe 7a 6N 10 W 1,406 Pennsylvanian 
Da EVianGerpUt gue meet caw. edt ancwsecane are 558 10 W 2,435 Pennsylvanian 
OMY AIGerDULLNG were Re wGe fx akieits sictiele noe tiee roe ae 48 10 W 2,212 Pennsylvanian 
OGlMaAMGerDUr eH em footh ake aay An noua tee sc ecece gant 78 11 W 1,932 Pennsylvanian 
BEN ANGER OUT RH ene fe ttroit sie, cA sdaare raion 78 11 W 1,050 Pennsylvanian 
S| MARGE DUNG Wwe eS oc oe cs See nite nen dee See wes 6S 11 W° 1,255 Pennsylvanian 
RCH EN rILOND VEAL eee ee Meo cia, <iUGistarnicleckiaree. wielajaiete Slowies 78 11 W 1,967 Pennsylvanian 
ENO MU erin Ones terre ree em cic a Sune ono eso mers 17N 10 W 1,509 Pennsylvanian 
ROTO see a aa nme deh alot wis teeaeace ae 13. N 8W 1,636 Pennsylvanian 
FRED ZN VASA See ater tee REI tes seca )a. vai dxwsg ayoysh.elsvoreis. 913/50 0%m, 5 13 N 8W 1,644 Pennsylvanian 
SHANE Mille OPP PRCEM ray oP Maia < ine eS oreo /F WA oe duaiensonievs 2 sions 11N 9 W 1,710 Pennsylvanian 
EGA RV Nh Gle yeni MMM ee Hite csizicje oe Ges gc durara’ee dae eae oa) a 30 N 8E 1,375 Silurian 
PMR GL EI, Aye ei oe case stsierae teak wae vide clic teas 186,067 
1; wildcat; oil 20, gas 7, dry 105. The and the allowable has varied from } to 34 


- wildcat oil and gas wells include field exten- 
sions as well as new discoveries. 

Oil production in the state reached a 
35-year high in 1940 with a total of 5,290,- 
608 bbl. Not since the year 1906, when 
the declining production from the old 
Trenton oil field dropped below this figure, 
has Indiana produced a greater amount of 
oil in one year. Production of natural gas 
also increased about 30 per cent, to 1,244,- 
000,000 cu. ft. for 1940, most of it the flush 
from Rockport. 

Notable highlights during the year in- 
clude the lifting of pipe-line proration on 


the daily potential of the well. Its removal 
was a boon to producers in many old fields 
of southwestern Indiana. Several new pipe 
lines were constructed to facilitate moving 
oil and gas from some of the newer fields, 
including Griffin and Rockport. 

The scene of major activity in leasing 
and prospecting was shifting rapidly at 
the end of the year to northern Indiana, 
where the Devonian and Trenton are 
potential producing formations. Very little 
drilling was in progress at the end of the 
year, but some production may be dis- 
covered in this area during 1941. Leasing is 
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taking place at a rapid rate and many large 
blocks have been assembled. It is probable 


TABLE 2.—(Continued) 


Important Wildcats Driiled in 1940 


that in 1941 activity in Indiana will be as 
great or greater than in 1940. 


Initial Production per Day ow 
Deepest 
Horizon Drilled by Remarks 
Tested Oil Rs ok 
[ illions asing 
U.8.Bbl. | Ga Fe 
68] St. Genevieve Mites: Holbegewcss Delimit Griffin pool 
69] St. Genevieve Paul Ross Dry hole 
70| St. Genevieve Jarvis Bree: & Marcell Dry hole 
71) McClosky Lewis-Armstrong-Day Dry hole 
72| McClosky Cohen-Harris Dry hole 
73| McClosky Carl Robinson et al. Dry hole 
74| McClosky Carl Robinson et al. Dry hole 
75| McClosky . K. Riddle Dry h 
76| McClosky Basin Drill Co. 100 Discovery. College pool 
77| St. Louis Illinois Prod. Co. Dry h 
78| St. Peter Stanolind Oil & Gas Dry hole 
79| L. Trenton C. L. Williams Dry hole 
80| St. Peter Stoll Oil Refining Dry hole 
81| Trenton Godwin-Murray 10 Unnamed pool 
82] McClosky W. W. Damron Dry hole 
83] L. Chester CL. Snell, Trus. 5 Unnamed pool 
84! McClosky Morgan-Keefer Dry hole 
85} McClosky Garland Moore Dry hole 
86] Pennsylvanian Blosser & McPherson 1.00 8. Ext. Rockport 
87| L. Chester Bright Development Delimit Rockport 
88] L. Chester W. G. Fortner Dry hole 
89] L. Chester Hacey Boy ig Dry hole 
90| Devonian Dry hole 
91| Devonian Bhat Alan Crude Dry hole 
92| Devonian Robert Alan Crude Dry hole 
93| M. Mississippian Pearl Poole Dry hole 
94) McClosky Vanderburgh Oil Dry hole 
95) McClosky Burr Lambert Dry — 
96] Upper Chester Walter & Hawkins Dry hole 
97] Mansfield (Penn) C. M. Stott 5 SE Ext. Blairsville 
98] Mansfield . R. Knapp Dry hole 
99] U. Chester Malott, Sun, Lambert Dry hole 
100] Devonian John Stelle et al. Dry hole 
101) Devonian H. N. Oakley Dry hole 
102] Devonian = x. Oakle: Dry hole 


Number of wells drilling Dec. 31, 1940 
Number of oil wells completed during 1940 
‘as wells completed during 1940 
holes completed during 1940 


Number of 
Number of pie 


* Including some field extensions not properly wildcats. 


44 33 
228 20) * 

70 uf 

91 105 


The Oil Industry in Kansas during 1940 


By W. A. VER WIEBE* 


THE year 1940 was singularly unmarked 
by sensational developments in Kansas. 
Routine operations were carried on in a 
systematic, orderly fashion and the efforts 
of oil producers were concentrated on 
extending known fields. 

In Kansas an arbitrary yardstick for 
wildcats has been set up. A well drilled 
4g mile or more from a known pool or well 
is now considered a wildcat. A ‘rank 
wildcat” is one that is drilled at least 2 
miles from any known producer. During 
1940, rank wildcats resulted in the comple- 
tion of 116 test wells, among which 16 were 
successful in finding new oil pools and the 
remaining roo were dry holes. The ratio of 
successful wells to dry holes, therefore, was 
approximately 1:6. 

During the year, 1890 wells were com- 
pleted in eastern and western Kansas. This 
figure is somewhat lower than that given in 
several trade journals, because it does not 
include wells that were deepened or wells 
that were recompleted in a_ different 
geological horizon. About three fourths of 
these (1423) were completed as commercial 
oil wells (1220 in western and 203 in eastern 
Kansas). The commercial gas wells com- 
pleted number 58 of which 10 are in eastern 
Kansas and 48 in western Kansas. Of the 
remaining completions 147 are dry holes in 
eastern and 262 are dry holes in western 
Kansas. Based on daily potential capacity, 
the new discoveries of the year account for 
a cumulative initial production of 46,000 
bbl. in eastern and 2,128,000 bbl. in western 
Kansas. The state of Kansas attained a 
new peak in production, with the total of 
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66,245,000 bbl. for the year 1040, the 
number of contributing wells being 20,770. 
Thus the increase over 1939, when about 58 
million barrels was produced, is consider- 
able. The previous peak occurred in 1937, 
when 70,761,000 bbl. was marketed. In 
another still earlier peak, in 1917, slightly 
more than 45,000,000 bbl. was produced 
and sold. The production of gas probably 
reached a new peak also during 1940, with 
its total of 851% billion cubic feet. Between 
the peak of the year 1908, when over 80 
billion cubic feet was produced, and that of 
1940, the production dropped to a low 
point of 16 billion cubic feet in the year 
192i. 

The number of test wells drilled was 
larger than in 1939; that is, 1890 compared 
with 1458. The first peak was reached in 
1904, when 2782 wells were drilled. The 
number dropped off rapidly, to 368 three 
years later, but rose to the second and 
highest peak in 1918, when 4671 test wells 
were completed. In the period between 1904 
and 1912 more gas wells were completed 
than oil wells. Between the high peak of 
completions in 1918 and somewhat lower 
peak of 1937, the low point was reached 
during 1931, with the completion of only 
470 test wells. 

In the number of new pools discovered, 
Kansas again ranks high among the states. 
The exact number depends somewhat upon 
the interpretation of a “new” area— 
whether it should be called a new pool or a 
long extension of an old pool. Unfortu- 
nately, the matter of securing the right kind 
of production allowable also enters into this 
question. Often the decision regarding a 
new pool cannot be made until other wells 
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are drilled within the area or in the immedi- 
ate vicinity. Therefore, the figures given 
in this report may differ from those pre- 
sented in the trade journals. Table 3 lists 
25 new oil pools and 2 new gas pools. Trade 
journals are also inclined to list as new 
pools the areas in which oil is discovered 
in a new producing horizon although in an 
old pool. In Table 3 such new discoveries 
are listed separately. During the past year, 
19 discoveries of this type were made in 
Kansas. Two of these are listed as new 
horizons in pools that are classed as new 
pools for 1940; in other words, several 
producing horizons were found in some of 
the new pools uncovered during the year. 


New Geological Information 


In all cases involving new producing 
horizons, only the producing levels found 
productive elsewhere in the state were 
tapped. It is common, for example, to find 
the Arbuckle mentioned as a new horizon 
in a pool that previously had produced 
only from the Lansing-Kansas City lime- 
stones, or vice versa. Occasionally the new 
horizon is the Simpson (sometimes called 
Wilcox) or possibly another porous zone in 
the Pennsylvanian system. 

Two new producing levels that deserve 
some comment are the Wabaunsee lime and 
the Wabaunsee sand. These two zones were 
named by the Nomenclature Committee 
to include any part of the Wabaunsee 
group that may be found productive now 
or in the future. 


Most Active Pools 


The most active pools during the year 
1940 were the Stoltenberg pool, Ellsworth 
County; the Bemis pool and the Burnett 
pool, Ellis County; the Bornholdt pool, 
McPherson County; The Hall-Gurney 
pool, Russell County; the Laton pool, 
Rooks County; the Trapp pool, Russell 
County, and the Silica pool, Barton 
County. 
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Important extensions were also made to — 


other pools in various parts of the state. 
In the northeastern part of Barton County 


much drilling in and near the Prusa and © 


the Krier pools resulted in the addition of 
many wells, one new pool (Prusa Southeast) 
and three new producing horizons. In the 
Krier area, new producing zones were 
found at the level of the Topeka limestone, 
within the Lansing-Kansas City limestones, 
and in the Arbuckle dolomite. Thus, this 
township now boasts production in six 
horizons, including the Shawnee, Topeka, 
Lansing-Kansas City, Sooy, Arbuckle and 
Lamotte. In other parts of the county, 
wildcat drilling was successful in finding 
three new oil pools, which have been named 
the Bird, Hammer and Wondra pools. The 
unflagging drilling campaign within and 
around the large Silica pool produced two 
important extensions, greatly increasing 
the size of this phenomenal pool. According 
to the Kansas Nomenclature Committee, 
the Silica pool now includes the Silica 
South, Ellinwood, Ellinwood West, Claw- 
son, Marchand, Marchand West and Wolf 
pools. It now has 710 wells, as compared 
with 624 wells at the close of 1939. 

In Ellis County the Bemis pool (which 
had been joined to the old Shutts pool in 
1939) continued in the limelight. The 
number of wells at the close of 1940 was one 
third larger than at the close of the previous 
year. The sensational Burnett pool doubled 
the number of producing wells. This state- 
ment can also be made of the Blue Hill and 
the Koblitz pools, although both of these 
are much smaller than the Burnett pool. 
Important additions or extensions were 
made to the Marshall and to the Walters 
pool. Two new pools were added to the 
Ellis County list during 1940. They have 
been named the Bemis-Shutts West and 
the Hartsook pool. Both produce oil from 
the Arbuckle dolomite. 

In Ellsworth County, a number of wild- 
cats drilled to the northwest and to the 
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Fic. 1.—PRODUCING HORIZONS IN WESTERN KANSAS. 
Data prepared by the author; drawing by L. G. Pope. 
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TABLE 1.—Producing Oil Fields in Kansas 
ee ee EN en ee Tr een Beir eo Pg AS et 


Production, Bbl. 2 Producing Horizon 
Field and Location Discovery | Area, = j 
ate cres 58 5, 
In 1940 | Cumulative ag Name é : a _| Character 
oa & & )5e 
Barber County cc... .ocesc 125,991 427,920 19 
Lake City, 7-31-13W... .| July 1937 160} 14,665) 44,150] { 3] 08 4435-1) 26) Lime 
i : 1) Arbuckle 4,607 4 | Dolomite 
perane Lodge, 13-33- : 
ee aE ee March 1937 80 14,181 43,000 2| Misener 4,845 2 | Lime 
Whang, 32-31-11W....} Aug. 1934 640 97,145 340,770 15} Chat 4,355 29 ga resi- 
Barton County............. 11,647,511) 42,281,621) 1,162 ae 
Ainsworth, 26-16-13W...| Dec. 1936 5,000] 470,048] 1,670,300] { a] arr, 15°30) | 6 | Dakemite 
Albert, 30-18-15W..... Jan. 1935 1,200 87,000 542,500 u one 3,601 15 noes 
ea H 6 | Lime 
Beaver, 16-16-12W..... Dec. 1934 1,000 180,474 848,100 arackle Aen 3 Pelgaite 
eagan 6 | Sandstone 
Beaver North, 4-16-12W| Oct. 1937 160 25,700 183,650 3} Arbuckle 3,316 | 10 | Dolomite 
Bird, 33-18-15W....... Apr. 1940 40 2,900: 2,900 1) Lamotte Sandstone 
32| Lans. K.C. |3,044 | 10 | Lime 
Bloomer, 36-17-11W....} Feb. 1935 3,262,294! 6,711,420 1 1] Sooy 3,310 Conglomerate 
ae hae one 24 poe 
j -16- Ooy ; 21 onglomerate 
Davidson, 4-16-11W...| March 1928 80| 9,286] 46,500 | =| em Ree edgy bes Fe Re RS ae 
patkandt, ate June 1935 160 22,420 154,300 4) Arbuckle 3,311 | 49 | Dolomite 
inwo orth, 33- 
AOSD Wo ies asn,s Slee July 1937 80 6,131 38,500 2) Arbuckle 3,328 | 22 | Dolomite 
Feist, 29-18-11W....... March 1936 40 4,591 46,026 ' arene 3,430 3 es 
i ooy 3,342 2 | Conglomerate 
Feltes, 14-16-12........ Nov. 1939 160] 60,225 60,225 { Femelle a) amas 
Hagan, 20-20-11W..... Dec. 1938 40 7,230 15,330 1] Arbuckle 3,323 7 | Dolomite 
Hammer, 35-19-12W...} Aug. 1940 40 3,450 3,450 1| Arbuckle 3,348 | 22 | Dolomite 
Harzman, 33-16-11W...} Oct. 1939 40 2,045 2,400 1) Lans. K. C. | 3,124 8 | Lime 
Heiser, 16-19-14W..... Aug. 1935 40 3,370 18,900 1} Lans. K.C. |3,228 | 25 | Lime 
Hiss, 31-20-13W....... Feb. 1936 160 32,002 244,800 4 Lass, K. C. aere 20 je 
a 47. 1)Lans. K.C. | 3,222 | 5 | Lime 
Hoisington, 21-17-13W .| Jan. 1938 160 30,265 56,900 { 2] Arbuckle 3,440 12 | Dolomite 
Kraft, 10-17-11W...... March 1937 341,482 956,000 % cet ne 8 peas 
opeka : mestone 
p 1| Shawnee 2,885 Limestone 
Krier, 30-16-11W...... Oct. 1939 80,275 84,000 eae K. C. ae om tees P 
00 4 ‘conglomerate 
2 Arbuckle 3,330 Dolomite 
pe | (Tete) tel) am) con) |B | 
; Lans. K. C. ,109 6 | Lime 
Lanterman, 15-19-11W .| Jan. 1935 200 43,553 209,200 Be packla 3.935 3 | Dolomite 
Pospishel, 20-17-15W...} June 1939 80 7,355 12,000 ; proeee 3,548 9 | Dolomite 
opeka 
2| Lans. K. C. - | 3,160 7 | Lime 
Prusa, 20-16-11W...... Dec. 1938 800} 300,137 416,500] 98] Arbuckle 3:335 | 17 | Dolomite 
: Hesgan 3,310 1 | Granite Wash 
Sept. 1939 ies Lime | 
Prusa North, 18-16-11W { May 1939 } 80 45,800 1 3 ene C, + | 3,160 7 { Delonte 
Prusa Southeast, 34-16- 
MiWaececce baahaear April 1940 80 3,000 3,000 2) Arbuckle 3,394 5 | Dolomite 
Prusa West, 18-16-11 | June 1939 40 14,620] { 4 Tans. K-C.1 13.007 | 10 | Lime 
Rick, 1-19-11W........ Aug. 1936 160 32,135 201,400 ; penate 7 bee | Poca 
es ans : F imestone 
Silica, 12-20-11W...... Oct. 1931 24,000) 6,548,547) 29,685,000 {713 Arbuckle 3,328 | 19 | Dolomite 
Teer | rei Russell 
a ont "1é-i7-12W..._| Jan. 1940 ee 350 350) a Lans. K.C. |3,054 | 20 | Limestone 
CNG ad a ee as ales : Kans. City |1,900 | 35 | Limestone 
Soper ee 1,280 107,400] 13,313,752| 67/2 Layton —| 2,000 
CDN Se eae Oe eee Jan. 1914 280 ’ y ’ Wilcox 2,380 10 Sandstone 
ee 2,410 5 Dee 
Kans. City imestone 
Augusta South, 21-28- Limesto 
eh tae. Jam, 1916 9,000} 235,000] 33,495,600] 145|4 Ht Scott) | | co eens 


Arbuckle | 2,600 5 | Dolomite 
Bausinger, 24-27-3H....| July 1929 200 8,640 5} Wilcox 3,050 | 29 | Sandstone 
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TABLE 1.—(Continued) 
fas Tica 


Production, Bbl. a Producing Horizon 
3 
Field and Location Discovery Area, ee p A 
Date Acres | 38 & |g 
In 1940 | Cumulative| 33 Name atelliche Character 
BE ee (ee 
Benton, 10-26-3E...... Jan. 1925 80 5,400 2|Chat 2,765 5 | LR. 
Blankenship, 2-26-8E...| Jan. 1921 1,200 70,200 88] Bartlesville | 2,650 | 50 ; Sandstone 
Brandt, 15-28-7E...... June 1936 800 220,133 419,330} 37 i lecvill ie 8 a 
DeMoss, 5-28-7E...... Oct. 1924 400] 108,000 17| | Be ste 1101 ee 
Douglass, 2-29-4E...... Jan. 1916 2,400 86,400 Po Remorse PST iad gos 
Elbing, 8-23-4E........ Aug. 1918 1,800] 414,000 cc lb Gocrepapsbais Epretl Bore fom 
Admire 10 | Sandstone 
Lans. K. C. | 1,700 | 20 | Lime 
El Dorado, 29-25-5E...| Jan. 1917 25,000] 2,252,000] 176,870,279] 1,626|< Viola 2,500 5 | Lime 
Simpson 2,510 | 15 | Sandstone 
Arbuckle 2,550 5 | Dolomite 
Ferrell, 28-28-8E....... March 1939 80 20,888 36,799 3} Mis. lime 2,647 42 | Lime 
Fox Bush, 25-28-5E....| Jan. 1917 5,000 126,000 164| Bartlesville | 2,730 | 40 | Sandstone 
Garden, 32-26-6E...... March 1928 1,600 52,560 30) Bartlesville | 2,760 | 10 | Sandstone 
Gelwich, 6-27-4E...... April 1930 80 14,400 2) Viola 2,924 2 | Lime 
Haverhill, (15-34)-27- : 
DRS tk ce, eo cee April 1927 700 126,000) 3,159,243 61) Bartlesville | 2,700 50 | Sandstone 
Keighley, (14-33)-27-7E | Jan. 1925 1,800 51,120 52| Bartlesville | 2,650 | 50 | Sandstone 
Viola 3,050 3 | Lime 
Kramer, 4-28-6E....... Jan. 1926 500 36,000 17| < Wilcox 3,020 | 15 | Sandstone 
Arbuckle 3,040 5 | Dolomite 
Leon, 19-27-6E........ Oct. 1926 500/ 27,720 ot ee ytd Bad, bes. 
McCullouch, 1-28-6E...| Feb. 1926 400 52,494 357,289 8} Wilcox 3,169 6 | Sandstone 
McCaig, 13-28-6E..... March 1937 80 3,350 21,750 2! Bartlesville | 2,720 | 28 | Sandstone 
Moore, 12-25-3E....... 120 4,320 3} Mis. lime 2,667 9 | Lime 
Potwin, 36-24-3E....., Jan, 1921 3,200] 223,200 77 { Fans city pti Pine pars 
Mis. lime 2,760 | 10 | Lime 
Shaffer, 4-27-6E....... June 1926 900] 90,000 25 \ a pie tgeiltee 
Seward, 14-27-7E...... 600 14,400 946,600 14 artlesville 2,650 50 | Sandstone 
Smock-Sluss, 19-26-6B.| March 1918 1,500/ 54,000 42 Lich $000 f 30 | Sandstone 
Snowden-McSweeney, 2- : 
20-GB ice eccs ce see | L080 160 4,015 1} Mis. lime. 2,833 Lime 
Steinhoff, 21-29-6E..... Jan. 1926 160 3,400 3} Chat 2,803 ee Be 
Stern, 27-27-6B........ Jan. 1928 600| 85,000 17 [Wiel sie t| 8 | LR. 
Weaver, 1-28-5E....... Jan. 1929 400] 1,200 5| Bartlesville | 2,690 Sandstone 
Young, 27-26-7E....... 1919 900] 73,000 33 {Gar Oy a ne ee 
Clark County.............. ; nie 
Morrison, 17-32-21W...| Oct. 19386 160 17,000 112,650 2} Viola 6,467 4 | Lime 
Coffey Countyso. i.e ccvsieeuk 
Mer Ct) 23-141 
-14)-23-141 = Peru 1,138 | 12 | Sandstone 
|{6-19)20-161 vs 700; 21,600 37 { Chat 1622 | 6/LR. 
Cowley County...... 0.22... 2,507,991 662 
Baird, 16-84-8EH........ 160 8,981 4 gion 3,260 Sandstone ~ 
; i . talnaker | 2,300 Sandstone 
Biddle, 12-32-4E....... 600 37,000 22 toe iy {2800 Spa 
Brown, 13-31-7E....... Sept. 1922 40 1,825 200,000 1 
Burden, 22-31-6E......| Jan. 1926 1,200 54,000 33 peck 2,865 | 35 | Sandstone 
it n 2,600 Sandstone 
Se) : aay . Lg < ig 3,049,658 : \ irhucks a Delonte 
, 6-81-48........ an. ‘i artlesvi ; 
Couch, 13-80-5E....... May 1937 400 53,000} 10 ° “ages 
Countryman, 4-33-71. . 600 9,125 5| Layton 1,950 Sandstone 
Darien, 33-30-4E...... June 1939 200 39,000 63,636 6) Arbuckle 3,286 1 | Dolomite 
David, 35-380-4E....... July 1935 800 75,900 442,776| 21! Bartlesville ~ | 2,935 | 40 me 
sie 
ey 5| Bartlesville | 3,010 | 19 | Sandston 
{3 a \ Me: Jan, 1934 200| 11,000 79,500 { rede teaed Bpt Hid Bac Pcie 3 
Dexter, 24-33-6E...... Jan. 1903 1,200 3,700 1| Mis. lime 2,750 Lime 
Dunbar, 29-30-5E...... Sept. 1938 40 900 6,109 1) Kans. Cit; 2,229 | 36 | Lime 
Wastman, 31-30-6E..... Jan. 1924 1,200 43,200] 2,332,324) 38] Bartlesville | 2,770 |100 | Sandstone 
Falls City, 17-85-7E....| Jan. 1916 600 10,800} 1,163,976} 13} Stalnaker 2,000 Sandstone 
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TABLE 1.—(Continued) 


Production, Bbl. - Producing Horizon 
Field and Location Discovery Area, a= ae 
Date Acres nS S ES) 
In 1940 | Cumulative a Name ie & _| Character 
Ba oe \se 
Frog Hollow, 20-32-5E.| Jan. 1937 600 180,000 465,056} 24) Bartlesville _ | 3,089 8 | Sandstone 
Geuda Springs, 8-34-3E | May 1936 600/ 33,000] 252,544 { A Berea 15 820 { ea 
us Layton 2,550 oe 
Graham, 9-33-3E...... June 1924 800] 23,200] 2,460,537] 13/{ Kayten, | 3°25} | | Dolomite 
Grand Summit, 10-31- 
BS roleee th cke ores ixtecois aus 600 28,500 14 Stal 
31. talnaker | 2,400 a 
Hittle, 21-31-4B....... Jan. 1926 2,400} 698,900] 2,366,300 72 \ ee 3380 f 8 | Dolomite 
Mahannah, 6-30-8E....| 1918 80 2,500 2| Burgess 2,730 Conglomerate 
Murphy, 8-35-3E...... Jan. 1933 600 32,000 12] Chat 3,300 TR: 
Olsen, 1-35-7E......... Apr. 1921 300 3,800 6] Ft. Scott 2,400 Lime 
Rahn, 13-34-5E........ Oct. 1939 40 7,900 8,130 1| Bartlesville {2,915 | 30 | Sandstone 
Rainbow Bend, 20-33- 
al isnls: Geto tee Dec. 1923 2,000 447,600| 73,000,646} 115) Burgess 3,200 | 50 | Sandstone 
Reidy, 31-31-8E....... 160 1,100 3 
Rock, 15-30-4E........ Jan. 1923 500 37,000} 1,458,993] 25] Bartlesville |2,760 | 45 | Sandstone 
Rock West, 16-30-4E...| Oct. 1937 160 114,600 260,479 10| Bartlesville | 2,784 18 | Sandstone 
Rock North, 3-30-4E... Sept. 1937 200 19,960 50,673 5| Bartlesville | 2,807 | 21 | Sandstone 
Smith, 10-31-3E....... Jan. 1917 600 13,000 12 Pualsrite one Bandiicpe 
e ayton 300 andstone 
State, 15-32-4B........ Jan, 1926 1,500 70,000 32 | Cee line oe 
Trees, 19-30-4E........ Jan. 1934 300 42,000 10] Bartlesville | 2,975 | 25 | Sandstone 
Turner, 30-32-6E...... June 1937 240 21,600 138,998 6] Layton 2,232 | 15 | Sandstone 
Udall, 28-30-3E........ 40 2,100 47,560 1 
2|Lans. K.C. | 2,455 Lime 
Wethered, 28-31-3E....| July 1935 1,000 193,100 1,891,820 2) Mis. lime 3,065 85 | Lime 
27| Arbuckle 3,400 Dolomite 
Wilson, 9-33-6E....... Nov. 1938 200 25,000 56,878 5| Arbuckle 3,519 4 | Dolomite 
Admire 600 Sandstone 
Peacock 1,400 Sandstone 
Winfield, 36-32-4E..... Noy. 1914 5,000 108,000 63] < Layton 2,300 Sandstone 
Bartlesville Sandstone 
Arbuckle Dolomite 
HUE COUNEY sores «:op0-3.+) «aus -orte © 460,720 273 
Bush-Denton, 3-30-9E. . 2,000 36,000 43 
Collyer, 25-30-10E..... 400 10,800 8 
Dory, 19-30-9E........ 120 1,400 3 
Dunkelberger, 27-29- 
10) et Sees seer a cee 800 70,000 19 
Ferguson East, 23-30-8E 80 4,000 2 
Key, 26-31-108 Bay ee 320 1,000 8 
Mills, 23-80-10H....... 160 4,000 4 a E160 ree 
Moline, 3-31-10E...... Dec. 1927 5,000 20,000 28 {xn Hime | 1/980 beens 
Oliver, 35-31-10E...... 120 720 3 
Porter, 12-29-8H....... 800 13,000 19 
Rettig, 19-31-10E...... 100] None 2|| Sees ; 
Sellars, 11-31-9E.......| July 1937 , Ee ae Nto 13,471 ps Mis. lime 2,300 | 22 | Lime 
» 16-2: 115. intl Al) , 
peer Encill. nn ae 
bi ti 
Webb, 28-31-10E.......] Oct. 1924 190,000 gpl. Bede aso paca es 
Arbuckle 2,286 Dolomite 
Walker, 5-31-10E...... 160 1,800 
BSI COunty se. corey ye 6,484,185] 16,804,342) 633 
B -Shutts, 16-11- : 
we eis Oct. 1935 10,240] 3,865,037] 11,706,700] 368] Arbuckle 3,380 | 2 | Dolomite 
Bemis-Shutts West, 20- 
PEL Wick. soaeeoens Sept. 1940 120 37,273 34,273 8} Arbuckle é 
Bemis South, 2-12-17W | Dec. 1938 40 8,325 17,100 1} Arbuckle 11 | Dolomite 
APs |S | te 
1 . 
Blue Hill, 14-12-16W...| Aug. 1937 640] 97,931] + 179,500/4 1A) ans. 95 | Dolomite 
2 sia Cc 3 Limest 
. KC. imestone 
Burnett, 1-11-18W.....| Sept. 1937 3,600] 1,772,869] 2,098,500] { 136] Arbuckle el Delonte 
Catherine, 3-13-17W...] June 1936 160 18,723 112,600 4| Lans. K. C 88 | Lime 
Emmeram, 4-13-16W...| June 1937 40 7,521 36,112 1) Lans. K. C. 7 | Lime 
Hailer, 10-11-18W..... July 1936 40 1,373 13,260 1| Topeka 9 | Lime | 
Herzog, 30-13-16W..... June 1940 80 6,740 6,740 2| Arbuckle 8 | Dolomite 
Koblitz, 23-12-18W....| Feb. 1937 600 Tee ae : finde : oe ae 
i 00} 
Kraus, 22-14-9W...... July 1936 100 ig Peanee 12 | Dolomite 


Marshall, 36-11-18W...| Nov. 1936 1,000) 107,921 467,500 
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TABLE 1.—(Continued) 


TOW naeneeatecen hs Apr. 1934 1,800 353,000 720,807| 45] Arbuckle 
Finney County......... 
Nunn, 27-21-34W.. 


ow 
we 
a 
i) 


20 | Dolomite 
be June 1938 800 34,000 87,105 2] Mis. lime 10 | Lime 
Apr. 1988 1,200 94,148 112,500 6} Arbuckle 3,718 2 | Dolomite 


> 
& 
~ 


Production, Bbl. * Producing Horizon 
3 
F : Discovery Area, Eee? 2 
Field and Location Date pee § g g 7 
In 1940 | Cumulative) 23 Name es & _| Character 
= 5 
28 ee . 
Pp Wahn, 13-15- 

DOW be = ‘ So ee p Geet. 1936 40 6,817 25,900 1| Sooy 3,653 3 | Conglomerate 
Richards, 5-11-18W....| Jan. 1938 120 14,525 66,900 2) Lans. a C. | 3,332 41 — i 
Ruder, 17-15-18W.....| Aug. 1935 700) 60,127 682,600] { 15) hans. BC+ fae | 10 | Dolomite 
Solomon, 28-11-19W. ..| June 1936 160 17,999 48,400 3} Arbuckle 3,629 3 | Dolomite 
Toulon, 3-14-17W..... Dec. 1935 200] 32,474} ~—«147,850 { este oni AA ae 
Ubert, 12-13-18W...... Nov. 1936 160 25,397 123,500 ——- Hoe ag : 

"4 ope > 5 | Lime | : 

Walter, 2-12-18W...... May 1936 1,400 348,371 987,200 { 40| Astiackda 3'619 Dalomits } 

Ellsworth County........... 3,722,661) 14,871,600} 294 ; : 
Breford, 7-17-10W.....| Sept. 1932 700) 222,238 1,140,550] { 19) hans fC: [oes | 37 |Daemite 
Heiken, 25-17-10W.. . .| Oct. 1930 320 14,054 338,500 4| Arbuckle 3,269 2 Dolomite ; 
Lorraine, 13-17-9W. . ..| Nov. 1934 5,500 536,946} 7,827,150 { irae ea ey 
Stoltenberg, 21-16-10W .| June 1931 4,800| 2,584,953) 4,833,122] 133) Arbuckle 3,333 14 | Dolomite ] 
Stoltenberg Southwest, 

20-16-10W.......... July 1940 80 3,870 3,870 2) Arbuckle 
Bere ig West, 17- 

LO Wie: tee March 1940 160 7,600 7,600 4) Arbuckle 3,365 8 | Dolomite 
Wilkins (now includes 
Schroeder), 13-17- 


Penokee, 11-8-24W Noy. 1940 40 150 150 1] Lans. K. C. [3,750 6 | Limestone 
Greenwood County.......... 2,958,156 2,605 

Aires itiae, 6-22-10E .} Jan. 1923 1,000: 114,000 96] Bartlesville |2,327 | 50 | Sandstone 
Blackwell, 16-24-13 Jan. 1923 1,000 3,600 5| Mis. lime 2,327 Lime 
Browning, 8-22-10E....| Jan. 1924 3,800 148,000 95] Bartlesville | 2,314 76 | Sandstone 
Burkett, 13-23-10E....| Jan. 1924 2,700 87,000 103] Bartlesville | 2,000 |100 | Sandstone 
Christy, 36-24-12E..... 2,000 4,380 10} Bartlesville | 1,500 | 75 | Sandstone 
DeMalorie-Souder, 19- 

BICLONS oor oe coe 4,500} 252,000 126] Bartlesville | 2,150 Sandstone 
Dunaway, 4-22-13E 1,000 70,000 60] Mis. lime 1,800 Lime 
Eureka, 35-25-10E.. . 1,200 12,500 12] Mis. lime 2,000 Lime 
Fankhouser, 30-21-12E. : 2,500 46,000 65] Bartlesville | 1,750 Sandstone 
Gaffney, 6-24-11E..... ; 500 10,756 234,500 3 
Hamilton, 26-23-11... 3,000 86,000 96) Bartlesville 1,765 | 72 | Sandstone 
Hinchman, ee 200 11,000 13] Mis. lime 1,600 | 50 | Lime 
Lamont, 5-22-125. . 2,600 123,000 108} Bartlesville 1,650 Sandstone 
Madison, 1-22-11E.. 3,000 176,000 102] Bartlesville | 1,800 Sandstone 
Polhamus, 27-24-9 1,400 27,000 45] Bartlesville | 2,170 Sandstone 
Quincy, 18-25-14. 3,600 190,000 115} Bartlesville 1,420 Sandstone 
Reece, 21-26-9E. . 1,200 47,500 22] Mis. lime 2,100 ime 
Sallyards, 17-25-91 8,000] 144,000 132) Bartlesville | 2,350 |150 | Sandstone 
Scott, 19-23-91... 2,500 107,000 73] Bartlesville | 2,525 | 75 | Sandstone 
Seeley-Wick, 22-22-11 7,000} 236,000 328) Bartlesville | 1,930 | 45 | Sandstone 
Smith-Jobe, 10-24-13E. , 40 720 1} Mis. lime 1,662 3 | Lime 
Seine! 86-22-9H....... Jan. 1922 4,000} 240,000 204] Bartlesville | 2,400 |150 | Sandstone 

ber, 2-25-8 900 22,300 22) Bartlesville | 2,450 Sandstone 
Thrall, 28-23-10E......] 1921 7,000} 216,000 255 rp hee | 2,190 |166 | Sandstone 

a artlesville | 1,550 
Virgil, 13-24-12E......] Jan. 1916 » 4,800 107,000 118] < Burgess 1,700 | 10 eee oe 

were: er Lime 

set 99. artlesville | 1,550 Sandstone 
Virgil North, 3-23-13E.. 8,000) 410,000 292 Mis. lime | 1'700 aes 
bi ns, Mt etd Jan. 1925 “ene rae 46] Bartlesville | 1,860 | 15 | Sandstone 

erson, : ’ F 14| Bartlesville | 2,3 
Willard, 727-118. 1000} —_8'200 3 7. agen 
Harvey County...... : 681,311) 19,729,781) 135 
Halstead, 36-22-2W....] April 1929 1,200 132,514} 1,176,700} 21] Chat 3,005 | 30 | LR. 
‘ Lans. K. 2; i 
Hollow-Nikkel, 30-22- Ghat t5tes | 3 | oe 
OWikecuscadcsva. .| Dec. 1931 1,500} 505,500} 18,261,707} 107|~ Hunton 3,507 2 | Lime 
Simpson 3,500 | 14 | Sandstone 
Arbuckle 
Sperling, 23-22-2W..... Jan. 1935 500 43,300 291,324 7| { Hunton 3,279 | 66 | Lime 


Simpson 3,447 | 16 | Sandstone 
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Field and Location 


Kingman County........... 
Cunningham, 
Wistert eevee om A 
marion County............ 
Covert-Sellers, 1-21-4E. 
Florence, 20-21-5E..... 
Hillsboro, 12-19-2E.... 
Lost Springs,22-17-45. . 
Peabody, 5-22-45 
McPherson County......... 
Bitikofer, 1-20-1W..... 
Bornholdt, 30-20-5W... 
ston North, 28-18- 


Chindberg, 18-19-2W... 


Graber, 32-21-1W...... 


--.~ Henne, 21-17-1W...... 
Johnson, 35-19-3W..... 
Lindsborg, 8-17-3W... . 


McPherson, 29-18-2W. . 


Ritz-Canton, 1-20-2W.. 
Roxbury, 18-17-1W.... 
Voshell, 9-21-3W...... 


BViess Counties eco occ ccicsis 
Aldrich, 7-18-25W..... 


Norton:County.........+..- 

, Van Patten, 26-4-21W.. 
Pawnee County............ 

: Pawnee Rock, 13-20- 
UW iene iesieie sre sr0icje19. 

Phillips County. 0. ..s... > 
Bow Creek, 25-5-18W.. 

Ray, 32-5-20W 
rate County... ate vee daees 
Cairo, 7-28-11W....... 


Luka, 11-27-13W...... 


TEBNO COUTAY ccscwisivy » 0:0 wasn we 
Abbyville, 24-24-8W... 


Buhler, 25-22-5W...... 


Burrton, 23-23-4W..... 


Hilger, 16-26-4W...... 
Lerado, 11-26-9W...... 


ns Yoder, 34-24-5W...... 
Baltic COUNLY. ccc. oc cnces ee 
Brandenstein, 


Campbell, 28-19-9W.... 


Chase, 32-19-9W....... 


‘Doran, 13-19-10W..... 
Edwards, 3-18-8W..... 


Production, Bbl. = Producing Horizon 
=} 
Discovery Area, = Ef Fi 
Date Acres BS S cy 
In 1940 |Cumulative Eb Name ee Be _| Character 
2a ef [Ae 
Lans. K. C. | 3,390 | 74 | Lime 
Jan, 1931 1,400] 288,470} 2,206,003] 49 {vag eerabaa line 
546,500 160 
Sept. 1920 2,400 23,000 18] Viola 2,330 5 | Lime 
Dec. 1929 3,000 44,500 18] Viola 2,300 10 | Lime 
Oct. 1927 300 54,000 1,761,084 10} Viola 2,800 Lime 
Sept. 1926 2,400 397,00! 75| Chat 2,365 LR. 
Sept. 1929 3,000 28,000 39] Viola 2,532 Lime 
4,008,544] 67,350,664) 751 
May 1940 40 1,160 1,160 1| Chat 2,885 24 /LR. 
Aug. 1937 2,400 832,464 907,400] 143] Chat 3,292 43 | LR. 
July 1936 40 7,500 58,268 1 ae A ao 29 | LR. 
6| Lans. K, C. 1303 Lime 
Jan. 1929 700} 97,000} 1,223,460] { 98] ins aT ee 
91 tice 3,328 Ba 
isener , 3 | Sandstone 
May 1934 2,800 843,400} 5,035,378 125| Hunton 3,974 Baal ms 
1) Simpson 3,398 8 | Sandstone 
Noy. 1940 40 820 820 1| Chat 2,658 4/LR. 
Feb. 1932 1,200 91,600] 2,538,165 16] Chat 3,032 14 | LR. 
Jan. 1938 160 29,600 47,332 2| Viola 3,352 21 | Lime 
Lans. K. ©. | 2,340 | 55 | Lime 
Sept. 1926 2,000 65,100 867,585 28) < Chat 2,967 11 | LR. 
Viola 3,140 6 | Lime 
nage Ses 
; t 7 3 ate 
July 1929 13,000] 1,363,500] 33,550,373) 271 Viele 3.419 oul Tae 
Simpson 440 4 | Sandstone 
Nov. 1938 250 119,600 178,855 28 at 2,684 5 | LR. 
ed eee 
iola j ime 
Aug. 1929 3,500 556,800) 22,941,868 93 {ieee 3,322 3 | Sandstone 
Arbuckle 3,394 | 10 | Dolomite 
Oct. 1929 2,000/ 122,200] 240,356} 13 { Mis tone rep Pot a 
May 1939 40| None None 1] Lans. K.C. {3,475 | 21 | Lime 
Sept. 1936 640 41,400 133,162 9| Arbuckle 3,825 | 16 | Dolomite 
May 1939 40 7,400 10,925 1) Lans. K.C. | 3,111 53 | Lime 
Aug. 1940 300 8,000 8,000 6] Lamotte 3,540 | 13 | Sandstone 
44,050|- 87,736] 7] é 
Dec. 1939 160 9,250 9,468 : ee feo, ‘ ey id 
impson ; olomite 
Aug. 1937 200| 34,800 78,268 { 1| Arbuckle | 4,354 | 13 | Dolomite 
3,233,300] 35,162,593) 496 ‘ 
Jan. 1927 1,200 25,900 372,878 4 Lans. K.C. | 3,540 9 | Lime 
: 297,159 1} Viola 3,890 | 19 | Lime 
April 1938 500 74,800 J 10] Simpson 3,897 5 | Sandstone 
337| Chat ae sa i 7 
6 5,000) 2,607,100) 30,569,407 72) Hunton H ime 
Peer A} Arbuckle |3,775 | 9 | Dolomite 
6 254,000] 1,763,459) 32} Viola ; ime 
pecan = 1|Lans. K.C. |3,535 | 4 | Lime 
Dec. 1935 1,800 265,000} 2,090,670 { 32] Viola 4,128 28 | Lime 
Oct. 1935 500 6,500 69,020 6] Chat 3,450 61 | LR. 
6,214,330] 51,148,745) 853 
ai 160 16,100 359,951 2|Lans. K.C. | 3,014 12 | Lime 
ne i937 40 1,300 13,746 1) Arbuckle 3,223 17 | Dolomite 
Dec. 1939 40 13,950 14,000 1| Arbuckle 3,260 8 | Dolomite 
3} Lans. K 3195 | 13 Lime 
Jan. 1938 800} 254,700) 693,850!) 95) Arbuckle ; Dolomite 
3] Lans K.C. | 2,942 12 | Lime 
March 1931 4,800] 1,691,700) 20,381,691) 4 994 acle 3.246 | 38 | Dolomite 
Sept. 1936 160 15,200 105,914 3} Arbuckle 3,291 20 Dolomite 
Fen 1936 2,000 511,500) 2,122,498)  68| Arbuckle 3,278 5 | Dolomite 
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TABLE 1.—(Continued) . 
Se EEE EEEESEEEEEEEEEEEeet | 
7 
Production, Bbl. c Producing Horizon - & 
= | 
o 
“ld a F Discovery Area, =e Bg j 
Field and Location Date Naess ¥ 5 5 g ; 
In 1940 | Cumulative] -3°3 Name & . | .| Character — 
Ze am lee : 
? 
G , 25-18-8W..... May 1934 4,600} 1,324,500) 5,090,100) 154) Arbuckle 3,231 40 Dolomite 
Ceitane 16-18-9W..... July 1935 160 13,150 236,789 3} Lans. K.C. | 2,884 41 | Lime . 4 
Arbuckle 3,227 3 | Dolomite 4 
Haferman, 6-19-9W....| June 1936 700 78,900 418,838 9) Arbuckle 3,192 | 24 | Dolomite 4 
Heinz, 8-18-10W....... July 1938 80 9,360 26,502 1| Lans. K.C. {3,000 19 | Lime p § 
Arbuckle 3,254 | 14 | Dolomite - 
Karber, 7-19-10W...... Oct. 1940 160 6,230 6,230 3} Arbuckle 3,343 7 | Dolomite ( 
Keesling, 10-20-9W....} April 1935 700 275,300} 2,612,761 47| Arbuckle 3,239 26 Dolomite e 
Lyons, 14-20-8W...... Nov. 1939 40 6,100 6,987 1| Simpson 3,280 4|Dolomite . 
Midway, 8-20-9W...... April 1939 240 49,400 85,089 6| Arbuckle 3,244 19 Dolomite 4 
1} Lans. K.C, | 2,915 21 | Lime } 
Orth, 27-18-10W....... July 1932 1,000 57,100 637,862 10} Pre-Cam. 3/240 3 | Quartzite 
Orth East, 25-18-10W..| Nov. 1939 120 28,150 28,150 3} Pre-Cam. 3,230 12 Quartzite 
Ploog, 33-18-9W....... June 1930 300 69,500 1,166,770 10; Arbuckle 3,252 19 | Dolomite : 
Ponce, 28-21-7W....... April 1936 40 4,900 25,397 1} Sooy 3,388 | 40 | Conglomerate — 
Raymond, 21-20-10W ..| June 1929 1,000] 260,500] 5,7o1,g63}{ 6] Lane KC. 13180 | 10 Lime 
Rickard, 22-18-9W..... Oct .1935 40 6,900 51,160 1} Arbuckle 3,324 | 41 | Dolomite i. 
Welch, 2-21-6W....... April 1924 1,500 113,630 4,200,650 28 at 3,370 44 | 
We'ch North, 23-20-6W | June 1937 160 7,500 37,631 3} Chat 3,334 32 | LR. j 
Wenke, 7-20-10 W..... Mar. 1935 300 46,600 256,022 7| Arbuckle 3,360 | 13 | Dolomite 
Wenke West, 18-20-10W] Oct. 1938 80 19,360 29,916 2| Arbuckle 3,292 5 | Dolomite ; 
Wherry, 11-21-7W..... Sept. 1933 7,200] 1,305,000] 6,672,561! 193) Sooy 3,358 | 22 | Conglomerate 
Wherry East, 12-21-7W | Sept. 1937 160 18,800 927 3} Sooy 3,455 | 14 | Conglomerate 
Rooks County............4+ 351,098} 1,214,075 . lens. KC ears Fat? 
: : i H ime 
Dopita, 31-8-17W...... April 1934 160 28,800 105,820 { Sl Atbnae 3/409 10°] Dolomite . 
Faubin, 12-6-18W...... Feb 19386 80 4,800 37,900 2} Lans. 3,128 22 | Lime j 
Kruse, 3-10-16W....... Jan. 1928 40 198 10,400 1| Lans. K. C 3,115 6 | Lime 
Laton, 11-9-16W....... July 1927 400 219,100 572,146 39] Lans. K. C 3,228 33 | Lime : 
Stockton, 26-7-17W....} April 1937 160 23,000 2} Lans. K. C 3,118 | 62 | Lime : 
Webster, 21-8-19W... . 40 2,250 39,747 1 Arbuckle 3,434 1 | Dolomite 
Westhusin, 11-9-17W...| Nov. 1936 400 73,600 311,813} 11) Lans.K.C. |3,231 | 11 | Lime 
Zurich, 26-10-19W.... . Sept. 1934 200 15,500 106,249 2} Lans. K.C. | 3,340 9 | Lime 
Rush County) oF cpeor coe 
Otis, 10-18-16W....... July 1934 600 288,370 1,396,897 a rigid c meee a 
7 s. K. ; ime 
Winget, 15-16-16W.. ..| Dec. 1936 so] 8,800] aB.eao|f | $a EO ee ee 
Russell County............- 12,004,325} 68,200,946 fer nero sa ar in 
ns. K. C, ,008 7 | Lime 
Atherton, 30-13-14W...| July 1935 1,800 270,700 874,914 27| Arbuckle 3/984 5 | Dolamnte 
Atherton North, 18-13- 
LE Wresacbrttetbceires:s June 1939 40 1,800 3,919 1| Arbuckle 3,130 3 | Dolomite 
: 1} Lans. K.C. | 2,908 | 42 | Lime 
Big Creek, 36-14-15W ..| July 1935 1,000} 269,200} 1,498,983} + 24] Gorham 3,152 5 | Sandstone 
petreteci aire 2| Arbuckle 3,171 5 | Dolomite 
% Teek Kast, re 5} Lans. K.C. {3,180 | 15 | Lime 
LW eine foie ch July 1938 200] 59,540] 70,047] { §) Kan Ce Seo | US | Litne te 
Boxberger, 36-15-15W..| Dec. 1935 160 10,320 126,520 4) Lans. K.C. | 3,147 4 | Lime 
Bunker Hill, 31-13-12W | Oct. 1935 160 10,700 64,612 4|Lans. K.C. [2,965 | 16 | Lime 
Davidson _ Northeast, ‘ 
B4-1B-LLW oa accoe ect Dec. 1940 40} None None 1! Gorham 3,309 4 | Sandstone 
Donovan, 10-15-15W...| Feb. 1935 40 5,700 32,376 : 1a K.C. | 3,193 7 | Lime 
jooy 3,323 3 | Conglomerate 
Driscoll, 30-15-11W....| June 1940 80} 4,000 4,000 { 1 en ieee 1 hee 
Dubuque, 34-15-12W...| Oct. 1935 160 15,300 145,677 8| Arbuckle 3,275 3 | Dolomite 
Eichman, 34-15-14W...| May 1935 800 37,700 616,015 6} Arbuckle 3,316 | 10 | Dolomite 
Fairfield, 22-15-13W. ..| Dec. 1938 40 2,250 6,081 1) Arbuckle 3,352 5 | Dolomite 
Fairfield North, 16-15- j 2 K.c. 13.112 5 | Lime 
1SWaes! Pree, ciyh an, 1939 400} 38,000] sais) 3) Sene RC. 8.2 | § | Lime 
F Lans. K. C, | 2,950 | 12 | Lime 
Fairport, 8-12-15W....} Nov. 1923 3,600 630,400) 14,442,874) 145 | Gorham 3211 B. | Sandstone 
Foster, 19-15-15W..... May 1938 40 2,300 12,870 1) Lans. K.C. | 3,114 2 | Lime 
Gideon, 8-15-14W...... June 1930 40 37,750 1 et 3,266 7 | Conglomerate 
0 A 5 | Lime 
Gorham, 5-14-15W..... Oct. 1926 7,000} 2,185,500} 17,034,448|< 144] Lans. K.C. |3,027 | 30 | Lime 
2} Arbuckle 3,289 4 | Dolomite 
a oo e aa 1 ete 
: ns 4 040 5 | Lime 
Greenvale, 4-15-12W...| April 1938 320 88,940 154,152 { 6 Arbuckle 3267 | 21 | Dolomite 


ee __rreer——————————————eo’220O C oO ees 


W. A. VER WIEBE ay 


TABLE 1.—(Continued) 


Production, Bbl. a Producing Horizon 
é o 
Field and Location Discovery Area, = 2 a 
Date Acres a8 a ie 
In 1940 | Cumulative a3 Name cee a Character 
= a> feat yS 
Ze a [ee 
Greenvale Northwest, 
$2-14-12W.......... Nov. 1940 40| None None 1) Lans. K.C. | 2,956 
z Lif ae aay coe 
opeka 1675 ime 
pp ee 30-14- foc Lans. K.C. | 2,985 | 15 | Lime 
HS Wace err nacme ter Oct. 1931 14,000} 2,214,800 5,981,348 29| Gorham 3,165 4 | Sandstone 
4! Arbuckle 8,451 3 | Dolomite 
= parte ripe 1 Se 
re-Cam. 156 | 25 ranite 
Karst, 27-15-14W...... Oct. 1935 160 28,600 173,950 5} Arbuckle 3,315 4 | Dolomite 
Lewis, 28-14-12W...... Sept. 1940 40 1,570 1,570 1| Wabaunsee | 2,317 | 12 | Limestone 
Mahoney, 8-14-12W....| June 1940 120 6,300 6,300 3} Lans. K.C. | 2,977 3 | Lime 
Neidenthal, 23-14-15W.| Aug. 1934 600 47,300 842,148} 10 pepuckls 3,246 4 | Dolomite 
_13- 3} Lans. K.C. | 3,195 9 | Lime 
Russell, 22-13-14W..... Feb. 1934 1,200 356,850} 4,389,246 { AB| Arbuckle 3/280 ulDolonite 
Sellens, 26-15-18W.....| July 1929 1,200 155,000} 2,360,973 26] Lans. K. C. | 3,088 9 | Lime 
Arbuckle 3,352 | 13 | Dolomite 
Steinert, 21-15-15W....| March 1936 40 3,850 35,742 1) Lans. K.C. |3,060 | 36 | Lime 
* pee 7 gee v4 pee 
bs ans. K. C. ,062 2 | Lime 
Trapp, 23-15-14W..... Oct. 1939 26,640] 5,322,000} 18,335,806 1| Sooy Conglomerate 
557| Arbuckle 3,252 3 | Dolomite 
Trapp West, 15-15-14W | July 1939 160 28,265 37,913 4| Arbuckle 3,249 7 | Dolomite 
J 22| Lans. K.C. | 3,004 | 30 | Lime 
Vaughn, 17-14-14W....] April 1937 1,000 203,540 771,371 2} Gorham 3,282 7 | Sandstone 
a 4) Arbuckle Dolomite 
Williamson, 9-14-14W..| Feb. 1936 160 6,900 45,523 2| Tarkio 2,522 | 28 | Lime 
PS CONCOUNUY was. cm ieicc cess 
Shallow Water, 15-20- 
BE Witrene ce yoctatee!=teis Dec. 1934 600 152,500 902,462 9} Mis. lime 4,670 | 16 | Lime 
Sedgwick County........... Aug. 1928 4,700} 1,152,631} 39,847,311] 228 
Andover atk. 36-27- i 
7A ae ogee ee ern Noy. 1937 80] None 15,372 1| Simpson 3,098 3 | Sandstone 
Bentley, 19-25-1W..... April 1934 * 40 12,600 1) Lans. K.C. | 2,911 15 | Lime 
Cross, 29-25-1W....... April 1929 160 4,000 70,000 2} Lans. K.C, | 2,690 | 40 | Lime 
Eastborough, 19-29-2E .| Aug. 1929 1,000} 180,000] 7,871,661} 45] { Chat Ree ES 
8 B. ’ 3 ooce Viola 3,238 | 4 | Lime 
Eastborough North, 8- 
Diels Sree es. atenszers ‘iced 1938 80 3,881 4,000 2) Viola 3,258 4 | Lime 
Goodrich, 16-25-1E....| Dec. 1928 640 237,700] 2,650,900 Lans. K. C, | 2,614 2 | Lime 
34 } cia 3,010 | 10 | LR. 
Misener 3,334 3 | Lime 
Greenwich, 14-26-2E...} May 1929 700 254,000 6,290,162 Chat 2,885 3 | LR. 
42) < Viola 3,321 5 | Lime 
Simpson 3,350 4 | Sandstone 
Kuske, 24-25-1E....... Jan. 1929 40 2,400 137,440 1] Sooy 3,489 2 | Conglomerate 
Oatville, 18-28-1E..... Nov. 1937 80 1,400 10,170 1| Simpson 3,489 2 | Sandstone 
Robbins, 20-28-1E..... June 1929 420 100,500} 2,878,397} 52) Mis. lime 3,090 | 12 | Lime 
Stitt, 21-27-1W........ March 1940 40 1,000 1,000 1} Lans. K. C. 22 | Lime 
Lans. K, C. | 2,579 13 | Lime 
Valley Center......... Aug. 1928 1,500 367,700} 19,905,609] 67] ~ Misener 3,368 7 | Lime 
Viola 3,366 2 | Lime 
afore (OLR Soproinen Aen Oct. 1930 11,100) 3,218,360} 10,046,498} 431 : 
Bedford, 21-23-12W....| Aug. 1940 200 7,829 7,829 5] Arbuckle 3,839 9 | Dolomite 
Drach, 12-22-13W rial, ¢ Nov. 1937 800 72,000 211,178 9} Arbuckle 3,693 12 | Dolomite 
Fischer, 31-21-12W....| May 1938 120 36,950 74,664 5} Arbuckle 3,641 7 | Dolomite 
Gates, 27-21-13W...... May 1933 640 90,000 579,118 11) Arbuckle 3,679 39 Dolomite 
Jordan, 15-25-14W.....| Nov. 1936 200 33,300 163,727 5} Lans. K.C. | 3,722 5 | Lime 
Kipp, 27-25-14W...... Jan. 1937 160 23,600 81,201 4) Lans. K.C. |3,827 | 79 | Lime | 
Leesburgh, 12-25-13W..| April 1938 360 124,900 151,732 9| Arbuckle ee 0 Be eae) 
Max, 35-21-12W....... Aug. 1938 160 33,900) 51,433 { Be teas cal tena” Woetdivoicate 
Mueller, 29-21-12W....| March 1938 80 15,700 87,670 2) Arbuckle 3,594 7 | Dolomite 
Rattlesnake, 13-24-14 W | Oct. 1938 40 8,600 19,698 1}Lans. K.C. |3,608 | 48 |Lime | 
Richardson, 36-22-12W .| Oct. 1930 1,200 497,600} 3,863,566 60] Arbuckle 3,537 62 Dolomite 
Riley, 28-23-11W...... Aug. 1940 40 2,191 2,191 1|Lans. K.C. | 3,471 5 | Lime | 
Roach, 12-22-14W..... Dec. 1940 40| None None 1) Arbuckle 3,749 | 20 | Dolomite 
. 10] Lans. K. C. |3,588 | 32 | Lime 
St. John, 23-24-13W...| April 1935 1,200 176,340 703,468) 4 40] Arbuckle 4,075 | 12 | Dolomite 
Sittner, 33-21-12....... Aug. 1937 600 37,000 139,722 2|Lans. K.C. |3,278 | 36 | Lime ~ 
3} Arbuckle 3,600 6 | Dolomite 
Sittner South, 3-22-12W| May 1938 500 125,700 151,825) 18} Arbuckle 3,594 6 | Dolomite 
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southeast of the old Stoltenberg pool 
proved that this pool is considerably larger 
than had been thought possible. One of 
the wildcats mentioned served as a connect- 
ing link with the old Stratman pool and 
the name “Stratman,” therefore, has been 
taken from the record of pools. At the close 
of 1940 two outpost wells were still far 
enough removed from the main pool to 
demand separate pool classification. The 
names used for these pools are “Stoltenberg 
Southwest” and “Stoltenberg West.’ The 
excitement provoked by these extensions 
to the old Stoltenberg area spread southeast 
toward the old Wilkins area, where the 
number of producing wells is now twice as 
large as it was a year ago. 

Graham County surged prominently into 
the limelight, although it was only last 
year that it entered the ranks of the oil- 
producing counties. Considerable publicity 
was given to the discovery of a second oil 
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pool (Penokee) in this county, because it 
was believed that an entirely new produc- 
ing horizon for Kansas had been found. 


The discovery well was drilled by Shields — 


on the Paxson farm and was reported to 


have found oil in the Marmaton group. — 
More recent determinations on well cut-_— 


tings from the discovery well indicate that 
it produces from the lower portion of the 
Lansing-Kansas City limestone series. 

In McPherson County the feverish drill- 
ing campaign in the Bornholdt area, which 
began in 1939, continued with unabated 
fervor during 1940. Connecting wells were 
drilled between the Bornholdt pool and 
the Bornholdt North pool, thus eliminating 
one name from the record. The total num- 
ber of wells at the close of 1940 was more 
than 140, compared with only 16 at the 
beginning of the year. In the northeastern 
part of the county an attempt to extend the 
Roxbury pool led to the discovery of a new 
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Production, Bbl. - = Producing Horizon 
oO 
Field and Location Discovery Area, ant g 
Date Acres ys a 
In 1940 | Cumulative | 3-3 Name Eat 3 _| Character . 
be _ . ~_ 
Bx ee Be 

4|Lans. K.C. [3,111 | 38 | Lime 

Snider, 3-21-11W...... April 1936 320 29,000 ‘170,770 1| Simpson 3,362 6 | Sandstone 
3} Arbuckle 3,324 | 18 | Dolomite 
Snider South, 16-21- 

LUW aah are eudoe Aug. 1938 360 38,300 50,729 8} Arbuckle 3,402 7 | Dolomite 
Stafford, 15-24-12W....| Aug. 1940 160 18,900 18,900 4) Viola 3,836 | 14 | Lime 
Zenith, 23-24-11W.....| Sept. 1937 4,000} 1,846,550] 3,517,086] 240] { Misener | 8.804 | 20 Sac 

Sumner County...........- July 1915 5,700} 1,042,110) 41,425,217} 250 3 
Anness, 2-380-4B....... Oct. 1937 40 7,400 36,698 1| Simpson 4,394 7 | Sandstone 
Caldwell, 17-35-3W....| May 1929 160 54,750) 1,830,950 4) Simpson 4,765 | 19 | Sandstone 
Churchill, 25-31-2E....| July 1926 1,000 4,600} 18,321,557| 63) Stalnaker 1,820 | 25 | Sandstone 
Latta, 9-80-2W........ June 1927 i 62,232} 11 er Cc. 042 | 14 e 
13} St er 2,020 | 16 | Sandstone 
Oxford, 23-32-2E...... Aug. 1927 800 153,000} 14,283,175 6 ve ed 14 | Sandstone 
21) Arbuckle 2,890 3 | Dolomit 
Oxford West, 17-32-2E.] May 1926 160 12,600 488,474 3} Arbuckle Dolomite 
Padgett, 23-34-26 estes Oct. 1924 1,800 73,000} 1,848,638} 20) Chat 3,474 | 28 /1R. 
ee West, Burhant Ranceeane 
Yd dceudd 160 3,860 300,000 3 : 
Arbuckle Dolomite 
Rutter, 21-33-2E,...... July 1926 40 7,200 46,441 1) Chat 3,315 | 27/1LR. 
Vernon North, 15-35-2E Jay 1915 200 34,700 217,146 5} Chat 3,443 | 22 | LR. 
hea ie 33-31-1W.. Dec. 1929 1,200 493,900} 4,488,102} 98] Chat 3,655 | 11 |1R. 
Zyba, 7-30-1E......... Nov. 1937 40 7,100 11,804 1| Simpson 3,866 3 | Sandstone 
They a County ae ayer we ae hs cH Rit 13 

ugler, 36-12-21W..... ec. i 18,328 1} Arbuckl 3,83 i 

Wakeeney, 14-11-23W..| Oct, 1934 640 43,625 384, '395 7 lane At 3 ie 
Woodson County........... 

neces csc 14,400 20 

H 2-24-148, , 26,000 20 

Wiede, 32-23-15B,..... 10,500 8 

Winterscheid, 15-23-14E 7,700} 216,000 226] Mis. lime 1,575 | 65 | Lime 
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pool, named the “Henne” pool, after the 
farm on which the first well was drilled. A 
second new pool is the Bitikofer, in the 
east-central part of the county. Thus it 
appears that Range 4 is now the only 
range in which no oil pools have been 


found. 


Phillips County, in the far northwestern 
part of Kansas, also attracted attention 
during 1940. This county was first men- 
tioned in the report for 1939, when the 
Bow Creek pool was found. In ro40 the 
Cities Service Oil Co. drilled a deep test 
well on the Ray farm, in sec. 32, T.5 S., 
R.20 W., which found commercial quan- 
tities of oil at 3540 ft. in the Lamotte, or 
Basal sand, of Cambrian age. The large 
potential of the discovery well encouraged 
a rapid drilling campaign, so that by the 
close of the year five producers had been 
drilled in the new Ray pool. 

In Rice County, considerable drilling to 
the north and northeast of the old Chase 
pool developed much additional acreage 
productive of oil. The Cramm and the 
Soeken pools were joined to the Chase pool 
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during 1939 and by the close of roq4o it 
appeared that the Campbell pool would 
also become part of the Chase pool and 
that the Midway and the Keesling pools 
might also be absorbed. However, in this 
report these pools are still treated as sepa- 
rate entities. One new pool was discovered 
in Rice County—the Karber pool, found by 
Carlock, sec. 7, T.19 S., R.1o W., when he 
finished the test well on the Karber farm. It 
was suggested that this pool be joined to 
the Rick pool, in Barton County, because 
it is near that pool, but at the close of the 
year the Nomenclature Committee voted 
to regard the Karber as a separate pool. 

In Rooks County a rapid drilling cam- 
paign in the Laton pool caused that pool to 
expand to three times its former size. In 
Russell County, as might be expected, 
many wells were drilled. A number of the 
numerous pools of this county were con- 
siderably enlarged and five new oil pools 
were found. Thus this county again leads 
in the number of new pools recorded. The 
Greenvale pool was tripled in size and wild- 
cat drilling in its vicinity served to uncover 


TABLE 2.—Producing Gas Fields in Kansas 


Braiuct ons thousand es Producing Horizon 
2 
i ; Discovery Area, ee 4 
Field and Location Date eek se . g 
In 1940 | Cumulative a3 Name ae & _| Character 
zn ee |B 
Barber County 
Medicine Lodge, 13-33- 
ABW ite sanaedetse are Jan. 1927 5,000] 7,675,958] 44,113,080] 32) Chat 4,455 10 | IR. 
Edwards County 
McCarty, 31-25-17W...| May 1929 40 33,966 1| Sooy 4,545 | 10 | Conglomerate 
Harvey Count; 
eiatiow- ikkel, 30-22- 
BW cere Renta aces Dec. 1931 1,600 189,736 Chat 3,195 TR 
Sperling, 23-22-2W..... Jan. 1935 600 59,960) 6,158,838 2| Chat 2,995 | 50 | LR. 
Agia County 5,122,903 
att Cou : 
; Cairo, 7-28-11W pees < Noy. 1935 12,000) 11,934,153} 20,459,515 27) Viola 4,278 8 | Lime 
Reno Count 
ee bacrion: 23-23-4W..... Sept. 1930 5,000] 4,674,845} 41,597,964] 52) Chat 3,298 | 70 | IR. 
Yoder, 34-24-5W...... Oct. 1936 800} 471,285 4| Chat 3,402 | 50}LR. 
Rice County F j 
1 3,290 5 | Dolomite 
Lyons, 35-19-8W....... July 1888 1,500] 2,955,567] 8,006,851) { § Arbuckle 3277 | Delomite 
h, 27-18-10W....... July 1933 540 674,900 3| Lans. K.C. | 2,906 ime 
Pen ar LOW Set Oct. 1937 160 405,805} 1,601,587 3} Misener 3,317 | 10 | Conglomerate 
Count: 
Bal ety se.16W nth tA March 1930 15,000} 9,709,900} 54,135,900) 57} Lamotte 3,507 2 | Sandstone 
C 
aig Pi 33-31-1W . .| Dec. 1929 1,200} 639,809 47| Chat 3,655 | 12 | LR. 
Southwest Kansas J ’ f 
= p 2,000,000} 33,126,800} 222,090,800} 286) ( Winfield 2,755 | 10 | Lime 
Hugoton, 3-35-34W....| 1922 He Riley |2'800 | 10 | Lime 
Florence 2,850 | 12 | Lime 
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the new oil deposit known as the Green- 
vale Northwest pool. The other new pools 
are the Driscoll, the Lewis, the Mahoney, 
and the Davidson Northeast pool. The last 
named lies in the southeastern part of the 
county and may prove to be an extension 
of the old Davidson pool, in the Northeast- 
ern part of Barton County. In the Lewis 
pool, oil was found in a limestone near the 
base of the Wabaunsee group. The Nomen- 
clature Committee decided to name this 
producing horizon the “‘Wabaunsee lime,” 
thus establishing a new kind of geological 
name. The Committee also voted to join 
the Hall and the Gurney pools, inasmuch 
as connecting wells were drilled during 
the year, and to call the pool the Hall- 
Gurney pool. It also voted to attach the old 
Fink pool to the same area, thus creating 
a new pool that contains no less than 13,600 
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acres. The remarkable Trapp pool was 
greatly expanded during the year, partly 
by the addition of the old Anschutz pool, 
which formerly lay to the northeast of the 
main pool, and partly through the drilling 
of many inside locations. This pool now has 
678 wells, compared with 549 at the close 
of 1939. It covers 20,000 acres and the 
limits are not yet in sight. 

In Stafford County interest was not 
allowed to slacken during the year. The 
sensational Zenith pool was greatly ex- 
tended and the number of wells increased 
by inside drilling. Many of the newer wells 
produce from the Viola limestone instead 
of the Misener, which formerly was more 
important. In other parts of the county 
wildcatting carried on with determination 
served to uncover four new oil pools and 
also new producing horizons in old pools. 


TABLE 3.—New Pools Discovered in Kansas during 1940 


County and Name Location Discovery Well Producing Date 
Barton: 
Bind sense ray cae 33-18-15 W| Aylward No. 1 Bird Lamotte 3508-3510] April 22 
Mammer ec.) x5 spare 35-19-12 W| Carlock No. 1 Hammer Arbuckle 3348-3370| Aug. 20 
Prusa Southeast..... 34-16-11 W} Hinkle No. r Krautwurst Arbuckle 3394-3402) April 7 
- ites Peteiartewicrsier 15-17-12 W| Phillips No. 1 Wondra Lans.-K, C, |3120-3125| Jan. 21 
owley:. 
Stina Basten ssiwekies 15-34- 3 E| McKnabb No. 1 Snyder Bartlesville |3265—3280] June 
Bemis-Shutts West..|17-11-17 W| Champlin No. 1 Hadley Arbuckle [3290-3292| Sep. 23 
pas ee fovea sete 30-13-16 W| Gulf No. 1 Sander Arbuckle Sicoaecn Fans 30 
L WO . 
Stoltenberg West....|17-16-10 W| Duwe Farris No. 1 Ad Arb — 
oe et ek A her a amek tbuckle |3365-—3373| March 26 
ma Pete mathe Ais enc aeate 20-16-10 W| Emerich No. 1 Heggy Arbuckle /3349-  51| July 7 
a : 
Penoke@ sie wiews obs II- 8-24 W| Shields No. — 
Aten 4 ields No. 1 Paxson Lans. K. C. |3750-3756] Nov. 4 
McPherson: aateserbusitis oh 4-10-20 W} McLaughlin No, 1 Mcleod Mis. lime |1594—1596| June 15 
ADRGLON sara cifeave’s ale 1-20- 1 W| Aladdin No. t Bitikofer Chat 2911-20913] May 8 
COOnBs.)55.05 0 eee oe 13-19- 1 W| Carey Drilling No. 1 Coons Mis. lime |2897—2910 Nov. 6 
Phin” Srateie sie(evesntavere 21-17 -1 W| Williams No, 1 Henne Mis. lime |2658—2662| Nov. 5 
ae Wie ee Teenie Ke 32- 5-20 W| Cities Service No. 1 Ray Lamotte 3540-3553| Aug. 15 
ReussKatber- +. teseeesees| 7219-10 W| Carlock No. 1 Karber Arbuckle [3343-3350] Oct. 9 
Driscoll: hyss hea sts 30-15-11 W] Hayes No. 1 Driscoll Soo 23- 6 
Greenvale Northwest.|32-14-12 W| Magnolia No. 1 Borrell Pad ee a Mes ior. pS 
BWI tiie highs pine mite rc 28-14-12 W] Jones No. 1 Lewis Wab. lime |2317—2329] Sep. 9 
Mahonevicc. «tapiss 8-14-12 W soe No. 1 Mahoney Lans. K. C. |2077—2980] June 26 
Davidson Northeast.|34-15-11 W| Braden McClure No. 1 Gorham 3312-3313] Dec. 7 
Phillips 
aT ditord 
COLOLO sere sen sree pis 21-23-12 W| Shell No. r Bean Arbuckl 8 848] Aug. 18 
LOW see hin cyeiete tele tk 28-23-11 W| Shell No. 1 Riley Lans. KC. euiat Rugs 25 
BROACH feet cotlricn ai hy: 12-22-14 W] Thayer No. 1 Roach Arbuckle |3787-3790| Dec. 31 
Stafford tiene senso 15-24-12 W| Stanolind No, 1 ‘“A" Viola 3836-3850] Aug. 4 
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The new pools are the Bedford and the 
Riley, in the northeastern part of the 
county; the Stafford pool, near the center 
of the county; and the Roach pool, in the 
northwestern part of the county. The 
Stafford pool produces from the Viola 
limestone, which is somewhat unusual for 


this county. In the Sittner South pool the 


Arbuckle dolomite was added as a new 
producing horizon. In the Snider South 
pool the Simpson sand was added as a new 
producing level. 


IMPORTANT WILDCATS 


In all, 231 wildcats are listed as having 
been drilled in Kansas during ro4o. Of this 
total, 174 were drilled in western and 57 in 
eastern Kansas. Most of them were drilled 
within 2 miles of the nearest pool or well, 
and probably would not be considered in 
this category in some other producing 
states. In western Kansas, 85 test wells 
were drilled, which at the time of drilling 
were more than 2 miles from production. 
Eleven of these were fortunate enough to 
open new oil pools. The remaining 65 were 
dry. These dry tests furnish a great deal of 
geological information, which can be used 
to make more accurate locations possible. 
Only the most interesting ones will be 
described in this report. 

Taking them in alphabetical order 
counties, the test well drilled by the Bells 


~ Wells Oil Co. in Cloud County will be con- 


sidered first. This well, sec. 35, T.6S., R.z 


__W.., found the Lansing at 1980 ft., the Mis- 


sissippian rocks at 2530 ft. and the Arbuckle 


- dolomite at 3375 ft. The total depth of 


the hole is 3407 ft. In Gove County, on the 


western frontier of the oil territory, the 
Cities Service Oil Co. drilled a test in 


sec. 36, T.13 S., R.30 W., which encoun- 


tered the Arbuckle dolomite at a depth of 
- 4615 ft. but was drilled down to a total 


depth of 5169, where it finished in pre- 
Cambrian granite. The wildest of the wild- 
cats was drilled in Kearny County by the 
Stanolind Oil Co., on the Judd ranch. It 
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finally reached a depth of 6071 ft. without 
finding any shows of oil deemed worthy of a 
test. 

In Ness County, the Aladdin Oil Co. 
drilled a well on the Jedlicka ranch, sec. 
33, T.20 S., R.23 W., in which the Missis- 
sippian rocks appeared at 4348 ft. and the 
Arbuckle dolomite at 4810 ft. The test was 
drilled 62 ft. deeper without favorable 
indications, and was abandoned as a dry 
hole. In Pawnee County a borehole on the 
Gilkison ranch, drilled by the Derby Oil 
Co. in partnership with several other 
companies (sec. 21, T.22 S., R.16 W.) 
found the Lansing limestone at 3641 ft. and 
the Arbuckle dolomite at 4105 ft. It was 
abandoned as a dry hole 20 ft. deeper. In 
Rooks County, the Cities Service Oil Co. 
drilled a test well 9 miles west of the 
Faubin pool, in sec. 5, T.6 S., R.19 W., 
without favorable indications. Incidentally, 
it should be noted that the Cities Service 
Oil Co. drilled more wildcats than any 
other operating unit. It was responsible 
for the deep test well on the Hansen ranch, 
sec. 15, 1.6 S., R.19 W., in which the last 
likely level for oil, the Arbuckle dolomite, 
was found at 3635 ft. The test was aban- 
doned at a total depth of 3700 feet. 

In Sedgwick County, a very significant 
borehole was drilled by the Sunray Oil Co. 
on the McMinn farm, in sec. 14, T.29 S., 
R.2 W. This test is located on a very favor- 
able trend, but had to be abandoned as a 
dry hole at 4055 ft. after having penetrated 
the Arbuckle dolomite 25 ft. In the far 
west, in Sheridan County, a dry hole was 
drilled on the McGinnis ranch by the Cities 
Service Oil Co., sec. 10, T.9 S., R.27 W. In 
this test, which was closely watched by 
other interested parties, the Lansing lime- 
stone appeared at 3835 ft., the Mississip- 
pian at 4470 and the Arbuckle dolomite at 
4600 ft. It was drilled 265 ft. deeper, but 
finally abandoned at 4865 ft. because no 
favorable shows had been found at any 
level. In Stafford County a number of wild- 
cats were drilled, three of which, as reported 
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in a previous page, are classed as discovery 
wells of new pools. One of the rank wild- 
cats, which was not so fortunate, is the test 
drilled by Seaney on the Boyd ranch in 
sec. 4, T.21 S., R.14 W. This test was 
abandoned at a depth of 3646 ft. In Trego 
County, a very interesting test well was 
projected by Bartlett as the No. 1 Pfannen- 
stiel, sec. 30, T.13 S., R.25 W. As drilling 
progressed, the Lansing limestone was 
found at 3600 ft., the Mississippian at 4288 
ft. and the Arbuckle dolomite at 4650 ft. 
Drilling was continued down to 4684 ft., 
where the test was abandoned as a dry 
hole. 
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Oil and Gas Development in Kentucky during 1940 


By Coreman D. Hunter* anp Grorcr M. SrraucHant 


Ot and gas development as well as 
extensive leasing in Kentucky during 1940 
has shown a marked improvement over the 
past three years.{ The most noticeable 
improvement is the gas development in 
eastern Kentucky and the deep tests being 


_ drilled by major oil interests. 


In western Kentucky, 406 wells were 


_ drilled, of which 173 were oil producers, 12 - 


were gas wells and 221 were dry or aban- 
doned. The number of dry tests was large, 
because no important, new oil or gas pool 


- was discovered and many of the dry holes 


could be considered wildcat tests. How- 
ever, with either oil or gas possibilities 


- from Pennsylvanian formations on through 


Mississippian, Silurian, Devonian, and 
Ordovician, this percentage of dry holes 
seems rather high. Many of the dry tests 
possibly should have been tested in deeper 
horizons before being abandoned: namely, 
Silurian and Ordovician ages. 

In eastern Kentucky, 213 wells were 
drilled, of which 113 were gas producers, 61 
were oil wells, and 39 were dry holes. Of 
these wells, 117 were drilled in the most 
important Big Sandy gas field, in Floyd, 


Manuscript received at the office of the Institute 
April 7, 1941. 

* Chief of Department of Geology and Research, 
Kentucky West Virginia Gas Co., Ashland, Ky. 

+ Geologist, Kentucky West Virginia Gas Co., 
Prestonsburg, Ky. P 

t Detailed tables appear in the TRANSACTIONS 
volumes on Petroleum Development and Technology 


for former years. 
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Pike, Knott and Martin Counties, and of 
this number 103 were gas producers, 5 were 
oil wells, and 9 were dry holes. In the Big 
Sinking oil field of Estill, Lee and Powell 
Counties, 70 of the remaining 96 wells were 
drilled, 56 being oil producers. 

During 1940, four deep tests were drilled 
in eastern Kentucky. One test penetrated 
the Knox dolomite in Knox County and 
was dry; no St. Peter sand was encoun- 
tered. Another test in Lee County had some 
gas in what might be called St. Peter sand, 
according to the State Department, and 
also some gas deeper in the Knox dolomite. 
In Wolfe County, a small oil well was 
completed in the Ordovician, which was 
undoubtedly of Trenton age. 

At the present time, four deep tests are 
being drilled, all of which will go to the 
Knox dolomite. In Elliott County, on the 
Burke dome, the Inland Gas Co. is drilling 
at 3650 ft. In Magoffin County, on the 
Paint Creek uplift, the Cumberland Petro- 
leum Co. is drilling at 3800 ft. In Clark 
County, in the Ruckerville fault area, 
W. O. Allen is drilling at 1800 ft. In Laurel 
County, on the Sinking Creek dome, the 
Globe Oil and Gas Co. is drilling at 1750 ft. 
If production is encountered in the Tren- 
ton, St. Peter, or Knox dolomite in any of 
these tests, eastern Kentucky will ex- 
perience a marked increase in deep 


development. 


Oil and Gas Development in North Louisiana in 1940 


By H. K. SHearer,* MemsBer A.I.M.E. 


Nortu Louisiana (including all town- 
ships north of the Louisiana base line) had 
a year of normal development in 1940, 
marked by the discovery of two shallow 
oil fields producing from the Wilcox forma- 
tion in La Salle Parish and a large increase 
in drilling in the old Caddo shallow field. 
This renewal of shallow drilling activity 
led to a somewhat unexpected increase in 
the number of wells drilled, although the 
total footage and average depth continued 
to decline, as in several preceding years. 

Well completions and depth statistics 
for 1940, with previous years for compari- 
son, are as follows: 


SDOGAL rare en cya ame nc are cesta Re MOR eee oa tine atone 
POOtA Be CU ledide a". pont eet Vege ny tae ey erereen eee 
Average Cepnty sts. Fccrsuetw. cone toh Gie ol ten cea cations 
Wildcat producers: Avice, Keni eet eta. ates earns 
Witldeat' dry holes se. nic> o merveings iviatetum a circ es ce maahes 


Wildcat producers in 1940 include the 
discovery oil wells in the Olla and Nebo 
fields; also three gas wells in the vicinity of 
the Olla field and a shallow gas well, which 
opened a new field or extension in the 
Greenwood area of Caddo Parish. This 
table illustrates the lack of important deep 
discoveries since 1937, in which year the 
Rodessa, Lisbon and Cotton Valley fields 
were being actively developed. Operators 
have been forced to return to the old type 
of shallow drilling, which necessarily means 
smaller producing wells. 


Manuscript received at the office of the Institute 
April ro, 1941. 

* Geologist, The Hunter Company, Inc., Shreve- 
port, La. 


Odlismedls: ais. fcc chee Satiecs See ic nc ric edieps Garcia 
Gas, WESTER Vac edkae ee a ote yen oe ein erie 
jection: welle co 35. ot Rave ite aaetncn Sewer cdi tai 
Dey HOLES bcc cose ee en ie Ls Cette eer 


Oil production in 1940 was 24,381,760 
bbl., a decrease of 867,880 bbl. from 1939, 
or 3.44 per cent. The newly discovered 


fields of La Salle Parish produced over a — 


million barrels, and other increases worthy 
of note were at Cotton Valley, Caddo, Sligo 


and Sugar Creek. The greatest decrease was © 
again at Rodessa, although this remains © 


the principal producing field. 


GEOLOGICAL NAMES REVISED 


Deep drilling during 1940 did not pro- 
vide a great deal of new geological informa- 


tion. However, by agreement of a majority — 


of the members of the Shreveport Geolog- 


ical Society, the names of some of the 
Lower Cretaceous formations have been 
revised in the interest of greater clarity 
and in order to make the descriptions agree 


better with the facts discovered in recent - 


years. The geological section is discussed 
in detail and reasons for changes in nomen- 
clature are stated in a recent publication by 
Ralph W. Imlay.* 

Although not yet in universal use among 
field men, the new names are employed in 


this report and accompanying tables, as — 


*R. W. Imlay: Lower Cretaceous and Jurassic 
Formations of Southern Arkansas and Their Oil and 
ee ago Arkansas Geol. Survey Inf. Circ. 12 

1940). 
See also stratigraphic section by W. B. Weeks, 
p. 258, this volume. 
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it is to be hoped that little or no further 
revision will be necessary. Formation, 
rather than group, names are preferred 
whenever sufficiently detailed information 
is available. Thus the good Texas name 
“Trinity group,” formerly applied to all 
Lower Cretaceous beds below the Freder- 
icksburg, and later restricted to Paluxy, 
Glen Rose and original Travis Peak, still 
takes in beds of such great thickness and 
diverse character that the name has little 
practical significance in north Louisiana. 
The term ‘“‘Glen Rose” is useful only in 
areas where basinward or shoreward de- 
positional facies cannot yet be correlated 
with definite formations. For convenience 

- in reference, the old and new formation 
names are listed in the accompanying 
table. 
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parishes, and its No. 9 Louisiana Central 
Lumber) Coy secr-13;°Toao-Ni Ria B., a 
west offset to the deep test, was started and 
completed as the discovery well of the field 
on March 26, 1940, flowing 14 bbl. per hour 
of 31° gravity oil from perforations at 2270 
to 2276 ft., after testing lower sands down 
to 2983 ft. 

Meanwhile, the No. 1 Goodpine Oil Co. 
continued drilling to a depth of 8097 ft., 
penetrating approximately 2285 ft. of 
Wilcox formation, 696 ft. of Midway, 1926 
ft. of Upper Cretaceous, and 2458 ft. into 
the Lower Cretaceous. Evidently it stopped 
somewhere in the lower Glen Rose, as some 
anhydrite was reported between 7800 and 
8050 ft., although there was no thick, mas- 
sive bed of anhydrite. This well was finally 
completed as the second oil producer in the 


Divisions of Lower Cretaceous and Underlying Beds in North Louisiana 


O_p NAME 


rear Cte O TEE ACCOWG ay ae san cn tee iaisce rete PIONS Aiea al odes Stevie svete) = 
RVers ENED CIM LEO TET Get Vc ioue Povey eee eRe eens: nlle-paleual o seanareia. ay 
Mredenteks pure PTOUp Maile s+ © ati.) ed cas ole 
BIarANAL EN BONO LTOM Mea iets c ache stricyeve ole) ste-seceial oastialer'«. seus 
Pali Kyat OLMInATION We pels reso tie nieiaie ays oe Seonero cree» 


Upper Glen Rose formation.................. 
Middle Glen Rose formation.................-. 


Lower Glen Rose formation 


IROGeSsay AME MADET sss ayels ae o/csis a elchs siete stelals ots 
Panestsiand: member: igre. < a ats oreo eG aa 4) tees 
pinavisnbes kefOrMatOms .n\cerou 292184 po)atas micta tes 

Lower Mesozoic?....... omdes cals diate han dooms ee 
Wotton Valley LOrmatlons a5 ee ante ne eae enol = 


MB MOLMetLORUMAPLOM: ys Werree ie) fe) tla s.rie\ sie) ese ev elsleterte = 
SIMACKO VEL IIMESEONE. cis. cicistse.ahs wiser cele dye w ela ewe ord 


Eagle Mills red beds and contemporaneous rock salt 


OZ OUC ements rasta ciehs iene ieferlevensss Selie-o e tafe Gyan! pice. e. 


New FIELDS 


Olla Field —The Arkansas Fuel Oil Co. 
and H. L. Hunt’s No. 1 Goodpine Oil Co., 
= sec. 18, T. 10 N., R. 3 E., La Salle Parish, 
- about 4 miles southeast of Olla and 5 miles 
east of the Urania oil field, was started as a 
_ deep test in 1939, and in December of that 
a year had a large blowout of gas with salt 
water and a showing of oil while drilling a 
little below 3000 ft. The location was made 
j on the basis of subsurface structure, 
checked by geophysical surveys. The 
Placid Oil Co., controlled by H. L. Hunt, 
had been drilling a series of shallow tests 
on a large acreage in La Salle and adjoining 


AEE ete, Jurassic 


NEw NAME 
Lower Cretaceous 
Washita group 
Fredericksburg group 
Trinity group 
Paluxy formation 
Glen Rose subgroup 
Mooringsport formation 
Ferry Lake anhydrite 


Rodessa formation 
{ Pine Island formation 
Sligo formation 
Hosston formation 


Cotton Valley formation 
Buckner formation 
Smackover formation 
{ Eagle Mills red beds and 
contemporaneous rock salt 
Morehouse formation 


As) Wns LACS ja Meters ae Paleozoic 


field at 2267 to 2272 ft., in the same sand 
as the No. 9 Louisiana Central Lumber Co. 

The field was soon extended to cover an 
area 6 miles north and south by 2 miles 
east and west. At the end of the year there 
were 93 oil wells and 1 gas well in the field, 
besides 3 wildcat gas wells several miles 
north, northeast and south of oil produc- 
tion. Oil was being produced from six 
different sand members or lenses, collec- 
tively known as the “Olla zone,” between 
590 and 800 ft. below the top of the Wilcox 
formation. Productive areas of the various 
sands overlap to some extent, but so far 
only one well has been drilled on each 40 
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TABLE 1.—Oil and Gas Production in North Louisiana 


Area Proved, Acres | Total Oil Production, Bbl. 
Year 
Field, Parish of Dis- 
covery 
To End of During 
5 Oil Gas? 1940 1940 
=| 
i] 
Zz 
2 
4 
i Bear:Creek: Bienville csc sos «asheers tat eeeato Seb ok tae: eles 1937 0 2,500 0 0 
2] Bellevue, Bossier................... helt Sa ceed hich Mateo ee hae 1921 1,360 160 10,492,435 182,550 
3,| Bethany=-Waskom;:Caddolitis.ic. deuce sen v2 ar. eee. veneers 1916 20 15,000 0 0 
Al Caddo; Caddo® ov, Jesus han cn b ane oO s de Paes 3 Oe nae 1904 | 32,500 5,000. | 159,330,365 | 2,809,945 
5} ‘Carterville, Boaster:. 2.7 ater a. tacts fod 6 ls me coke ores ode sae 1927 720 2,720 1,602,447 27,937 
6 | Clayton, Concordia........... RR da ied Sew Be Soa TS 1931 0 60 0 0 
Fil Conversa; Sabenws.. vie acl san aicn Scone Ree meee sole eh 1932 2,000 0 2,307,015 192,505 
B'| Cotton ValloyasW ebsterQtotal yy 4 che scyte cro treae sare crcl ularclcle aw aie 14,000 28,755,185 | 5,124,535 
NN 
9 Shakiow; gas and) heavy oll, foc. 507 «oc a7 cee «eee ee ais 1922 2,600 6,600 14,942,500 1,060 
10 Holloway, light oil....... ARIA Ge des) See RETA ah taTahert yO, O08 1936 2,000 |. 40 4,372,066 | 1,031,795 
ll Boddaw aide Di, ightoiliz st, top atnenas este. os ae ante las 1938 3,000 0 4,412,906 | 2,680,230 
12 Bodcaw and ‘‘D,” gas-condensate...................-....0- 1937 0 11,000 5,027,713 | 1,411,450 
13 | De Soto-Red River, De Soto, Red River................0.2000000005 1912 | 11,000 3,300 58,097,490 371,105 
14: Driseoll PBiencele cacy rancor ete ort aces > WOE Un cen wien ehtrentale 0 1,000 0 0 
15 Mra Grove, -Baesser, COMO iris cancion, nuh vole ve maniee men «kleine 320 14,600 3,665,490 112,580 
16 | Epps, East Carroll, West Carroll Py 0 1,200 0 0 
17 PEO -CHADONREN sister varie nce ea sted 7,480 0 70,912,660 982,810 
iS Holy nde Sota x detest din oF wes woes enagtas ceren ous ees 80 160 991,465 545 
19 | Homer, Claiborne............. 3,020 0 70,284,245 1,021,135 
Dy Lake Bistinsavs ieee ecehers deck «ca davinsaid dfaprebiude paviccna es eee 1916 0 3,200 0 0 
SL Lishon; Claiborne, Laneolns Obse acai cvcects + vere andeaasceesaagy cape 1936 7,500 0 8,911,320 | 1,490,355 
22 AGS -KONMSEBACGR Sorin Memetaraauraibinela wel” Saatecdaaa due Sera 1939 0 1,000 z z 
OPinOmans Ore: Le bigeye nctcie attaeececintine vec Aes eye thomas 1938 0 8,000 0 0 
24 | Monroe, Morehouse, Ouachita, Union......... 620.0000 0c ec ce eee 1916 0 | 270,000 0 0 
D5 INGhdy Leballessers chat raatce ante le dy ak theese toate os feet 1940 400 0 52,100 52,100 
90)) Ola, LaSalle, inioes crake eet nes ake Pe BA tt are de OR, 1940 4,600 @ 972,530 972,530 
27 | Pleasant Hill, Sabine................... ea eat «tat anes teacateute 1927 800 0 1,590,385 33,815 
Cal Righland MACK ORG se Jucnetciabes Bhs «dn eam Os RAS 6 ee. 1926 0 | 49,280 0 0 
IQ0i od eann,: Catto saws. tars ho Ch nstlied » Cenc ee raaak. «seh. eel a OGD 9,400 7,800% | 67,963,140 | 6,904,220 
80 | Ruston, Lincoln... 0... sees erence c 5. ee fen 0 160 0 0 
31] Sarepta, Bossier, Webster............. jee 570 1,120 1,645,587 60,998 
4 Shongaloo, Webster: shallow..................05 70 5,680 121,807 5,692 
Oe pecs ae RT 80 | 1,000 107,689 20,043 
34 | Shreveport, Cadd tis See 2,500 240 3,527,000 | 1,548,125 
35 | Sibley, Webster............ RG aa si cot fats Ohh gi eteacans ree 0 640 0 0 
36 | Simsboro, Lincoln................. 0 320 0 0 


» Footnotes to column heads and explanation of symbols are Fh on p. 256. 


‘ Includes the Louisiana part of the Bethany and Waskom fields; also Blanchard, Li ' i 
oF eer i vee meena anc! ongwood, Greenwood, Cedar Grove, Spring 


2 Includes Mooringsport, Trees City, Pine Island, Hosston, Gilliam, Dixie and Vivian areas. 
8 Most Rodessa acreage produces both oil and gas; classification of wells depends on gas-oil ratios and is often changed. 
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TABLE 1.—(Continued) 
ee ee Sg 
Oil-produc- Ls 
Total Gas Produc- Wee : ~ | Reservoir Pres- 
tion, Millions Cu. Ft. Number of Oil and/or Gas Wells won ee sare, Lb. per Character of Oil 
of 1940 Sq. In. 
During End of Number % 
1940 1940 of Wells = 
Com- 3 Gravity, 
3 To End of | During | pleted Avg. at & A.P.I. at an 
B] 1940 19405 | to End alone # | Initial | End of | » | 60°F, | *per’ 
g of 1940'S | 8 |—S] ~ | w A 1940 | -& | Weighted | Cent 
es a 3 hs g g Ft 3 B Average 
g ~~ . 9 . o 
F E| § | se| 25/22/28 | = 3 
5 Ose") a> | 4 Fy m4 
11 2,660 | 2,620 
1 90 504 Bl ON Or BLE WIS 1044s} eho eel gee 
2 2,553 90 423} i| 3] 85 147 2) 0] 147 y 0 | SR 19 0.80 
1,880 y 
3] 19,753 GOOIM er 1824) 2 din 10) |/erryitssto|'= 49510 0 { seen | a.ast 
- 4| 140,578] 1,500 | 4,667] 270| 65] y|1465| 49] 0 | 1,465 y y | SR {40 0.50 
er 17,071 |.. 20 155| 0] O| y| 16 0} o| 16] 1,250 0 42 0.27 
ce 64 11 0 Ah a al a 0 0] 0 o| 630 | 620 
4 102 100 192] 11) 6|- y| 82 Omron lin ars? 42 0.15 
g| 149,847 | 21,043 447| 18! 4] 3] 85] so] 69| 16 ; ‘ 
9 2 & 279 oO) 4 0 0 O20 y y 25 0.25 
10 x Z Bi) 410) 238i 146 2) 30] 16] 2,525 y 48 0.12 
ae 11 z z 39| 14, 0] 0] 39 0| 39 0] 3,930 | 3,500 45 0.15 
1 z z 731, 0) fae 0t | O Oil: 78\ nO 0| 3,930 | 3,500 64 0.10 
— 13| 66,359 1,232 | 1439] 7] 16] y| 129) 26] o| 129 y y | SR 40 0.25 
* 2,375 | 1,608 | 
14] 8,963 | —_2,802 4}.0) o} 0} -o| 4} 0) o/f8e | otve 
— 15| 194,078 1,000 249} 1] 6 TM BEA i 38 y | 20-100 29 0.40 
16 7,627 1,242 2/\ee 0s OL ee O 0 4] 0 1,060 | 800 
17 3,809 275 766] 0| 3] yi 284 0} 0| 284 y y 36 0.40 
oe 18 146 10 15] o| o| y 4 2| 0 y y 37 0.22 
19 6,572 229 633] 0| 6] y| 349 0] o| 349 y y 36 0.63 
 29| 10,251 7,710 24] 41 oO} O Osta) a0 0| 2,310 | 2,000 
21 3,256 280 266] 0} 1] 437) 184 0| 33] 151] 2,000 | 700 34 1.10 
99 z 2 Ds ael |hape0) 0 0 Cia0 0} 2,900 y 63 0.10 
z 2,493 | 2,493 
a: 0 0 sd eile ot Sere ole gto 6 0 1 3's80 3880 
24 | 2,814,051 | 192,509 | 1,368] 55] 0 | 144 0} 1,107] 0 0| 1,020 | 50-950 
ra 
Be 05 22 22 aL i, OdPe i) oY 0| 1,550 | 1,500 39 0.15 
26 500 500 94| 94 Of] O| 93 1| 79} 14] 1,000 | 800 31 0.16 
27 359 100 62] Ol 0} yi 29 0) 0-}— 29 y y 40 0.30 
298] 450,618 3 313 0} 5] Oo 0 o| 0 0| 1,125 | 100 
o9| 338,613 | 58,587 | 504| 5| 17] 40| 336] 1055 150] 186] 2,780 |{ 80° af | 0-20 
30 0 0 Te a) wyley # 0 0| 0 0| 2,134 | 2,134 
31| 25,603 10 44] oO] O| y 6 0} 0 6 y y 25 0.32 
32| 72,334 200 |) eal ty 1 0| 0 1 y y 29 0.35 
33 z 2 330 ments 1 0 0 2| 0 0| 4,255 y 64 0.10 
34 6,052 3,000 56| 5| 6] 1) 49 0| 30 19} 2,602 | 500 44 0.20 
35 1,194 855 2) Oka 0 0 0 Al 0 0 le eet 
36] 6,322 | 1,104 a} of of of of 2] of 01 {5695 | odes 


5 Gas production totals by parishes, including casinghead gas and gas used in lease operations, were supplied by the Louisiana 
Department of Minerals, J. Huner, Jr., State Geologist. Distribution by fields is estimated on best available information. The Rodessa 
Operators Committee estimates Rodessa gas production in 1940 as 75,927 million cu. ft. (55,054 million to pipe lines and 20 873 millions 
to air); cumulative total to Dec. 25, 1940, as 542,085 million cu. ft. (289,727 million to pipe lines and-252,358 million to air). 

6 These eight wells drilled for water injection. _ 

7 Includes 13 former oil wells used for gas injection. 

8 Weighted average, Dees-Young 980 lb., Gloyd, 147 lb. 
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TABLE 1.—(Continued) 
Producing Formation Donets e | 
Depth, Avg. Ft. & 
- 
S Name Agee |Character/ 3 Name Md 
a = Top | Bottoms a ve % ia : 
g & | Prod. | Prod. | -3& | & Si 
A | Zone | Wells | wm] 8 a 
g eile a 
5 c za~|_a ale | 
Sligo 6,665| 6,695 y 
1 Heston a es OL, | Por rao) Ts A. | Hosston 8,017 ; 
acatoc Te 
2 { Redcssd Crabs } 8 Por 1,010] 1,035 25 AF | Cotton Valley 6,137 ] 
3|° ode $,OL |Por} »® 10 ty | A | Cotton Valley 9,244 : 
eae ayy 8,C,OL |Por| rere Af | Igneous below Jur. salt | 11,419 : 
Buckrange 3,050} 3,060 7 
5 (eke } CreU 8 Por { 3'140| 3'150 9 A Cotton Valley 10,066 
6 — ‘i ise . ty, Wat ae 25 N_ | Midway 6.800 
aratoga-Annona re is e E 
7 {pares Rodessa CreL L Por| 3,150} 3,232 \ = Af | Hosston 8,929 
8 A | Cotton Valley 9,198 : 
, 
Buckrange CreU Ny) 2,532} 2,547 11 ' 
9 | ores Geb BEA. on} Por|{ P3e0| 4653 rt] A_ | Cotton Valley 9.198% 
10 | Hosston CreL S 10 5,692} 5,987 15 AL | Cotton Valley 9,198 | 
11 | Cotton Valley Jur $ 17 8,570} 8,650 40 A | Cotton Valley 9,198 
12 | Cotton Valley ra 8 17 8,270} 8,650 40 A | Cotton Valley 9,198 i 
reU 825- . 
13 : : {Grp } 0 Por ae 300 y AF | Pine Island 6,488 
14 | Rodessa ; R 5 
H ston i CreL { S } 15 7180 721 8 50 \ Hosston 7,693 
acatoc! 
15 | { Saea tio } Cre ps apart a < Ekee ae } y | A_ | Cotton Valley 8,647 
16 | Monroe gas rock CreU LS Por| 2,336] 2,344 8 D_ | Igneous 3,142 
17 | Buckrange CreU 8 Por| 2,655] 2,680 25 A | Smackover 11,270 
18 mes is CreU 8 Por gre aon 11 NL | Paluxy 373 
acatoc’ 280) 1,345 
19 peers ae 5 Por { 2'040| 2065 \ 63 AF | Cotton Valley 4,504 
Ozan, Tokio, Sligo ne 5,100} 5,200 
201 { Catton Vater 2°} ie 8, OL |Por|{ $459} 392 }| 50 | Af | Cotton Valley 8,532 
21 | Sligo YreL 10) 5-20) 5,275} 5,300 12 AL | Jurassic salt 11,834 
22 | Cotton Valley Jur $ Por { Here He } 20 AL | Jurassic salt 11,834 
Rodessa 20] 41876} 5,032 | 50 j 
23 | Gon \ CreL, OL { a is} A | Hosston 6,271 
24 | Monroe gas rock CreU LS 23] 2,145) 2,205 50 A pens below Jur. | 10,475 
salt 
25 | Wilcox Eoe 8 go} { 3.28 } 3,900 | 10 | AL | Wilcox 4,364 
26 | Wilcox Eoe s a0hy Sea aes \ 15 | AL |LGlen Rose 8,997 
27 Peay : are L,8 Por| 3,175) 3,237 16 Nf | Mooringsport 5,063 
onroe gas rock, re 
28 {Toe ese 50 oe \ : i Por| 2,349] 2,447 A | Cotton Valley 9,986 
» Ly 5.560} 5,600 ° 
29 | Rodessa CreL {8 On} 5-35 { 6.075} 6,100 AF | Jurassic salt 11,486 
30 | Sligo CreL OL Por| 5,316) 5,822 A | Hosston 5,822 
31 | Buckrange CreU iS) Por} 2,681] 2,700 A | Rodessa 5,120 
32 | Buckrange CreU NS] Por} 2,665) 2,680 A _| Cotton Valley 10,462 
33 | Cotton Valley Jur 8 Por} 9,000] 9,680 A | Cotton Valley 10,462 
34 | Sligo CreL, OL Por| 5,550} 5,581 A | Hosston 6,025 
35 | Rodessa A | Cotton Valley 10,383 
36 need A | Hosston 7,023 


9 Different areas produce gas from Nacatoch at about 1000 ft.; Buckrange, 1950; Tokio-Paluxy, 2300 to 2550; Rodessa, 4650; 
Sligo, 5850; Hosston, 5900 to 6100. 
10 Production from Nacatoch at about 1000 ft., Saratoga-Annona chalk, 1350 to 1750; ‘‘Blossom,’’ 1825; Tokio-Paluxy 2250 to 
2400; and at Pine Island, from Rodessa formation, 2800 to 3000; Sligo, 3700 to 3800; Hosston, 3900 to 4000. 
11 Production from Nacatoch at about 800 ft.; Saratoga-Annona chalk, 1400; Eagle Ford-Paluxy, 2600; gas from Paluxy, 3500. 
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acres, each well being completed in the 
sand that seems best at that particular 
location. Individual sands are thin, and the 
soft formations and intimate association of 
oil, gas and salt water in each sand have 
caused considerable difficulty in completion 
and maintenance of wells. All wells have 
been completed through gun perforations in 
_ the casing, and it is commonly necessary 
to squeeze cement through other perfora- 
tions above and below the producing sand 
to shut off gas and salt water. All wells 
produce some salt water with the oil, as 
_ even the best oil sands contain considerable 
connate water. 
Most wells were completed flowing, but 
_ some needed pumping or gas lift from the 
start. Almost all are able to make their 
allowable production, which is 100 bbl. per 
_ day for a well on 40 acres. The oil is con- 
sidered of premium grade because of low 
_ sulphur content and high antiknock quality 
- of gasoline produced. 

_ The structure is an irregular anticline, 
_ with a closure of about too ft. to the north- 
west of the main dome on the sands of the 
Ola zone. It is less pronounced on the top 

of the Wilcox formation, which is an uncon- 


a 
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formable contact with the overlying Cane 
River formation. 

This discovery opened the first produc- 
tion of any importance in the middle por- 
tion of the thick Wilcox formation, as the 
few fields previously opened in that forma- 
tion produced from sands at or very near 
the top, and wildcat wells were seldom 
carried more than 200 or 300 ft. into the 
Wilcox. This opens for retesting the entire 
belt where the Wilcox formation lies within 
reach of the drill, not only in north and 
central Louisiana, but all the way from 
Georgia to Mexico, and means that struc- 
tures of low relief will be sought and tested 
as well as salt domes. 

Nebo Field—H. L. Hunt’s No. A-1 
Goodpine Oil Go., invsec. ro, DT. 7 N., 
R. 3 E., La Salle Parish, 6 miles south of 
Jena, was completed on Sept. 21, 1940, 
producing 48 bbl. per day of 39° gravity 
oil with 6,000,000 cu. ft. of gas from per- 
forations at 3353 to 3362 ft. The total depth 
was 3695 ft., and several lower sands had 
been tested first. Subsequent wells were 
better, producing more oil with lower gas 
ratios, but difficulties were encountered, as 
at Olla, in shutting off gas and salt water. 


TABLE 1.—(Continued) 


Area Proved, Acres | Total Oil Production, Bbl. 
Year 
Field, Parish of Dis- 
covery 
Z To End of During 
Oil Gas? 1940 1940 
PMS ONE oaricr esc iteae ods ena tae sc obieek oe ewaseenaegins 1922 s00 | 12,000 1,654,160 716,265 
MP8 Sugar Creek, Clatborne..vce-c0c.sveccsoceceiserecctesersencee 1931 400 | 4,000 578,125 | 217,970 
: Merlin Spidery De WOlome re eters rend eee eerie oes 1935 0 320 0 Sore) 
| iD Vian Groat, LaBelle, Won soot ant a coe eee ee Soe ee 1925 | 3,700 0 | 25,155,050 893,465 
~ 41 | White Sulphur, La Salle........... 006s. e eee eee eee eee ee eee 1928 80 0 12,290 0 
MTB ZOOM SU bine Te rec perciales se een aes er lntona-s cfelatess alelhe(?eia)e 1928 7,6204 0 | 15,533,780 612,535 
100,020 | 421,160 | 534,263,760 | 24,381,760 


4 Allowing 20 acres per producing well, although Zwolle production is scattered over a much larger area. 
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By the end of the year there were seven 
oil wells, producing from six different sands 
in the “‘Nebo zone”’ at depths of 3350 to 
3800 ft., or 900 to 1300 ft. below the top of 
the Wilcox formation. The producing area 
and structural details are still undefined, 
but it is a field of the same type as Olla. 
There is a marked unconformity at the top 
of the Wilcox formation, and structural up- 
lift is greater in the producing zone than in 
the overlying formations. 


EXTENSIONS AND DEVELOPMENTS 


Caddo Field—A notable increase in 
activity occurred in the old Caddo field in 
1940, and this field accounted for more than 
half of the producing wells drilled in north 
Louisiana, with 276 oil wells, 3 gas wells 
and 44 dry holes. Of the oil wells, 233 were 
completed in the Saratoga-Annona chalk 
at depths of 1350 to 1750 ft., while 5 oil 
wells and 15 dry holes were drilled in the 
Vivian extension in T. 22 N., R. 16 W. No 
deep tests were drilled except the Stanolind 
Oil & Gas Company’s No. 131 Dillon 
Heirs, sec. 14., T. 21 N., R. 15 W., com- 
pleted in a shallow sand in January 1940, 
after drilling into igneous rock below the 
Jurassic salt at a total depth of 11,4109 ft. 


TABLE 1.—(Continued) 


Total Gas Produc- 
tion, Millions Cu. Ft. 


Number of Oil and/or Gas Wells 


During 

1940 
F During 
5S 19405 p= 
Eg He 

i} =) 

= 3/83 
© 83 
Shee se ei tee 
37] 110,378 1 
38| 51,264 22 
39 221 5 
40 6 522 


41 0 12 
42 223 381 v 


43 | 4,509,926 | 826,213 | 13,104 251 


3,664 | 1,561 
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t 
\ 


(more fully described in the report for 1939) 


Trans. A.I.M.E., 1940, 136, 314.) 
As a result of new drilling, oil prochieitel 


increased about 250,000 bbl., which is re- 


markable for a field 37 years old. 


Cotton Valley Field—Most of the drilling. 
at Cotton Valley was in the deep oil-pro- 


ducing belt around the flanks of the struc- 
ture. There were eight oil wells and one 
gas-condensate well in the ““D” sand; four 
oil and one gas-condensate in the Bodcaw 
sand; four oil wells in the Holloway (5700 


ft.) sand. Five dry holes were abandoned 


below the Holloway and one Bodcaw sand 
test was dry. During the year the unitiza- 
tion of leases and mineral ownerships was 


completed and construction work was — 


started on the largest gas-cycling plant in 
the world, at an approximate cost of 
$2,000,000, to handle the very rich gas from 


the 8100 to 8500-ft. sands. 

Lisbon Field—No new Sligo (Pettit. 
zone) wells were drilled in 1940, but E. T. 
Oakes et al.’s No. 1 C. C. Whitman, an old 
producer, was deepened from 5277 to 5428 
ft. and recompleted in November, produc- 


7 
4 


| 


ing 81 bbl. per day of 42° gravity oil with 


500,000 cu. ft. of gas from perforations at 
5401 to 5405 ft. as the discovery well in a 


Oil-produc- 
tion Meth- 
, End 
of 1940 


Number 
of Wells 


E 
§ 
2 


Artificial Lift 


o coseees 


? 


: 
j 


| 
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_ hew sand near the top of the Hosston for- 


mation. Two other old wells deepened to 
the same horizon were dry. 

Gas from the Lisbon Exploration Com- 
pany’s No. 1 Vaughn, completed in the 
Cotton Valley formation in 1939, was used 
for repressuring the Pettit zone, with 13 


former producing wells used for injection. 


_ This has at least retarded the rapid decline 


in production, and the average bottom-hole 
_ pressure built up from about 4oo to 700 lb., 
_ although there are local variations from 150 


DN 


to rgoo lb. in different parts of the field. 

J. D. Caruthers, Trustee’s No. 1 Sim- 
mons Unit, sec. 2, T. 20 N., R. 5 W.,-was 
completed in December as the second gas- 


condensate producer from the Cotton Val- 
ley formation, making 160 bbl. per day of 


53° gravity condensate with 2,000,000 cu. 


ft. of gas from $766 to 8806 ft., total depth 


is OE tian) 


a \i1* 


oh Wie hs 


ua) WY tals 1 acs ry 


ee ee Te TC OU ES ee 


os) in a 


gor6 ft. The producing sand is about 950 


ft. below the top of the Cotton Valley, and 


is several hundred feet lower than that in 


the previous deep well. 
The Union Producing Company’s No. 
A-1t Meadows, sec. 18, T. 21 N., R. 4 W., 


_ was drilling below 10,000 ft. at the end of 


1940 and has since been completed as the 


deepest hole and the first Smackover lime- 
stone producer in north Louisiana. This 
location is 2 miles north of the Lisbon oil- 
producing area, but is structurally higher 
and believed to be near the top of the large 
domelike structure. This well penetrated 
about 2300 ft. of Hosston formation, 2830 
ft. of Cotton Valley, with Buckner forma- 
tion absent, and 1570 ft. of Smackover for- 
mation, of which the upper 600 ft. is more 
or less porous limestone. The top of the 
Smackover is at 10,250 ft., and rock salt 
was cored from 11,829 to 11,834 ft., the 
total depth. Casing was set in the Smack- 
over and perforated with 654 shots between 
10,148 and 10,398 ft. On tests, the well has 
produced 650 bbl. per day of 55.9° gravity 
condensate through 3¢-in. choke with gas- 
oil ratio of less than to0,o00 cu. ft. per 
barrel. Closed-in’ pressure is more than 
5000 lb. per sq. inch. 

Logansport Field —The second deep test 
drilled on the Louisiana side at Logansport, 
the Union Producing Company’s No. B-1 
Garrett, sec. 33, Tiere Nie, 16 W.., was 
completed in November, producing 68,- 
000,000 cu. ft. of gas with considerable con- 
densate from an odlitic limestone at 5982 


TABLE 1.—(Continued) 


Producing Formation 


Character / 


Name 


| Line Number 


37 | 12 
Rodessa, 
38 {Sito Hosston \ 


41 | Jackson 
42 Saratoga-Annona 
Paluxy 


‘ 


Deepest Zone Tested 
to End of 1940 


Depth, Avg. Ft. 


g Name 
Top | Bottoms z See ars; fone 
Prod. Prod. a= fos 5 SF 
Zone Wells Sei es 8s 
2P| 2 BS 
2a el ee ae aD 
2 |{ 5$50 ¢] 30 | A. | Hosston 6,112 
Sato s'son | sot | A. | Cotton Valley 10,759 
2340} 2850 | 10 | AL | Pine Island 5,930 
1,520} 1,530 9 | AU | Tokio 6,463 
9 804 9 NF | Wilcox 2,435 


a 12 Production from Nacatoch at about 850 ft.; Buckrange, 1725; Tokio, 2450; Paluxy 2750 and 3100; Rodessa, 4100 to 4275, Sligo, 
- 5100 to 5200. 
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to 595 ft., total depth 6271 ft. This well 
found the Rodessa member at 4940 to 5040 
ft. too tight, and was drilled deeper to open 
a new producing formation for the field, 
correlated with the Pettit member of the 
Sligo formation. 

At the end of the year the Southern Pro- 
duction Co. had started a drilling program 
and Southern Natural Gas Co. was prepar- 
ing to build a pipe line from Logansport to 
connect with its Birmingham and Atlanta 
line at Monroe, while United Gas Pipe Line 
Co. was laying a short line to tie in with its 
system in Texas. Therefore this field, which 
is one of the most important deep gas re- 
serves of the state, will have considerable 
development in 1941. 

Deep Gas Fields—Activities in other 
deep gas fields were normal and no excep- 
tionally deep tests were drilled. At Lake 
Bistineau, Bienville Parish, four gas wells 
were completed in the Sligo formation, to- 
gether with one dry hole. At Sligo, Bossier 
Parish, 13 oil wells were completed in the 


} 


3100-ft. sand, but there were only two deep 
gas wells, one each in the Rodessa and 
Sligo formations. In July 1940 the United 
Gas Pipe Line Co. put in operation a gaso- 
line plant of 60,000,000-cu. ft. daily ca- 
pacity at Koran in southern Bossier Parish, — 
to handle gas from both Lake Bistineau 
and Sligo fields. ; 

In the Sugar Creek field, Claiborne Par- 
ish, five good oil wells were completed in 
the Sligo-Hosston contact zone, all on the 
northeastern flank of the gas field, but no 
gas wells were drilled. In the Sibley field, 
Webster Parish, only one dry hole was 
drilled, limiting the producing area on the 
south. 

In the Bethany-Greenwood-Waskom 
area of Caddo Parish no deep tests were 
drilled, but the Delta Drilling Company’s — 
No. r Dunn, sec. 24, T. 17 N., R. 16 W.,7 
near the village of Greenwood, blew out 
and was completed as a gas well at 2551 ft. 
This extends the old Tokio-Paluxy gas- prog 
ducing area to the southeast. 


OIL AND GAS DEVELOPMENT IN NORTH LOUISIANA IN 1940 


TABLE 2.—Summary of Drilling Operations in North Louisiana 
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Deepest 
Ber Been Drilled by : 
‘ormation Tested - 
; 
: 
Pe. 
Claiborne | Hosston H. Hanbury et al. 
Wilcox Cotton Valley Gulf Refining Co. : 
Wilcox Tokio Delta Drilling Co. 
Wilcox so below Jurassic | Stanolind Oil & Gas Co. 
sa 
Pleistocene | Upper Glen Rose Continental Oil Co. 
Claiborne | Cotton Valley J. D. Caruthers, Tr. 
Claiborne | Hosston E. T. Oakes et al. j 
Claiborne | Jurassic salt Union Producing Co. r 
Claiborne | Smackover Ohio Oil Co. yin al. : 
Pleistocene | Midway K. Hughes et al 7 
Wilcox Hosston Union Producing Co. 
Pleistocene | Ozan H. L. Hun 
Jackson Wilcox Placid Oil Co. 1 
Jackson Lower Glen Rose en Fuel Oil Co. & - 
Jackson Ozan Placid Oil Co. : 
Jackson Wilcox O. K. Allen, Jr. et al. 
Vicksburg | Wilcox Petersen Petroleum Co. — 
Citronelle | Wilcox H. L. Hunt 
Claiborne | Morehouse Union Producing Co. 
Pleistocene | Hosston ? Gulf Refining Co. 
Citronelle | Wilcox orp Oil jee 
Cockfield | Fredericksburg Shell Oil f 
Claiborne | Rodessa W.C. Feasal 


| 
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Other Old Fields —In the shallow Bellevue 
field, Bossier Parish, only one oil well was 
completed. The Tide Water Associated Oil 
Co. drilled eight injection wells to the 
400-ft. Nacatoch sand on a lease in sec. 10, 
T. 19 N., R. 11 W., in preparation for start- 
ing the first water-flooding project in 
Louisiana. 

The first deep test in the Elm Grove oil 
and gas field, an apparently favorable 
structure, was drilled in 1940. The Gulf Re- 
fining Company’s No. 20 C. B. Hodges, 
sec. 24, T. 16 N., R. 12 W., Bossier Parish, 


was drilled to 8647 ft., or about 700 ft. into 


the Cotton Valley formation. There were 


some gas and salt water in the Rodessa 


“zone, but the deeper formations were all 


tight and dry, and the test was plugged 
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back and completed as a small oil well in 
the shallow sand at 1562 feet. 

Another important deep test was drilled 
near the center of the Haynesville oil field, 
Claiborne Parish. The Ohio Oil Company’s 
No. 15 G: W.: Taylor Acct. 1, sec, 15, T. 
23 N., R. 8 W. was completed as a dry hole 
at a total depth of 11,270 ft., having pene- 
trated about 1800 ft. of Hosston formation, 
3370 ft. of Cotton Valley, 406 ft. of Buckner 
and 312 ft. into the Smackover. The top of 
the Smackover formation was at a depth of 
10,958 ft. The top 150 ft. of this formation 
is limestone with some porosity, but the 
remainder is mostly black shale. This well 
found the Buckner and Smackover forma- 
tions typically developed, and this fact, 
together with the great thickness of the 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1940 


Tnitial Production 
per Day Choke or 
Bean, | Pressure, 
Fractions | Lb. per Remarks 
Gas, of an Sq. In. 
Oil, U. 8. Bbl. | Millions Inch 
Cu. Ft. 
i Dry. Gibsland area 
2 10 Pumping Elm Grove field. Deep formations dry, perforated 1560 to 1562 ft. 
3 34 1,100 | Greenwood area. Extends gas field 
4 1% pit 889 Fee island area, Caddo field. Deep formations dry, perf. 3903 to 3938 ft. in 
osston 
= 5 Dry. Deepest test in parish 
6 | 160 condensate 2 38 C.P. 950 | Lisbon nee Second producer in Cotton Valley, new producing zone. Perf. 8766 
‘ to 8806 ft. 
7 81 7 BA C.P. 900 | Lisbon field. New producing sand in Hosston. Perf. 5401 to 5405 ft. 
8 | 650 condensate 8 3% 5,000 | Lisbon field. Completed March 1941, first Smackover production in La. Perf. 
10,148 to 10,398 ft. 
9 Dry. Haynesville field, deepest test 
10 Dry. Clayton area. Deepest test in parish _ 
11} Condensate 68 Open 2,880 pee field. New producing zone in Sligo. Perf. 5980 to 5997 ft. 
12 ry 
13 336 A 1,000 | Olla field. Discovery well. Perf. 2270 to 2276 ft. 
14 177 YY 1,000 | Olla field. Second producer and deepest test. Perf. 2267 to 2272 ft. 
15 20 Open 1,100 | Gas discovery, north of Olla field. Perf. 2475 to 2485 ft. 
16 5 Open 900 | Gas discovery, northeast of Olla field. Perf. 2164 to 2167 ft. 
17 3 Open 1,400 | Gas discovery, south of Olla field. Perf. 3162 to 3164 ft. 
18 48 6 \ 1,500 | Nebo field. Discovery well. Perf. 3353 to 3362 ft. { 
19 214 Open 1,000 | Monroe field. Stratigraphically deepest test in La. Deep formations dry, perf. 
2163 to 2225 ft. 
20 Dry. Deepest test in parish 
r 
22 Dry. First deep test in south end of parish 
23 Dry. Limits Sibley field on south 


Wildcats 


In Proven Fields 


Number of wells drilling Dec. 31, 1940...... 0.02... 61 eee eee ce eee etree ees 
Number of oil wells completed during 1940 
Number of gas wells completed during 1940 
Number of dry holes completed during 1940 


334 


Cotton Valley, shows that deep tests pre- 
viously drilled at Shongaloo and Sugar 
Creek and supposed to have reached the 
“‘Smackover equivalents” really stopped in 
the Cotton Valley or upper Buckner. 

Only four oil wells and one gas well were 
completed in the Rodessa field, and five 
oil wells in the Shreveport field, which vir- 
tually complete the development of these 
Caddo Parish areas. At Rodessa pressure 
has dropped very low in some parts of the 
field. In January 1941, the total salt water 
produced was estimated at 11,327 bbl. per 
day with 15,748 bbl. of oil. Wells are con- 
tinually being worked over by plugging 
back, reperforating and acid treatments, 
changing from one producing member to 
another and from oil to gas or vice versa. 
Salt water is encroaching in the Shreveport 
field, and six edge wells have been aban- 
doned after a productive life of 2 years or 
less. 

Oil wells completed in other old fields in- 
cluded 5 in De Soto-Red River, 9 in 
Urania, 11 in Converse and 5 in Zwolle. In 
the Homer field only one repressuring well 
was drilled, but production has increased 
each year since 1937 in this old field, as a 
result of the repressuring program. Drilling 
continued in the Monroe gas field, where 
55 producing wells were completed; 12 in 
Morehouse Parish, 10 in Ouachita and 33 
in Union. The deep test drilled by the 
Union Producing Co., although not offi- 
cially completed until 1940, was discussed 
in the report for 1939 (Trans. A.I.M.E., 
1940, 136, 314). 
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} 
and was located on geophysical evidence, 
but showed no abnormal structure. Porous” 
beds are notably lacking throughout the 
Upper Cretaceous section. 

In Claiborne Parish, the Skelly Oil Com- 
pany’s No. 1 Volentine, sec. 31, T. 20 N., 
R. 6 W., 2 miles north of Athens, was test- 
ing at a total depth of 6507 ft. at the end 
of the year, and showing up as the dis- 
covery of a gas-condensate field from either 
the Sligo or upper Hosston formation. 

In Madison Parish, the Gulf Refining 
Company’s No. 1 E. Sondheimer Co., sec. 
33, T. 18 N., R. 12 E., 7 miles northwest 
of Tallulah, was dry in Lower Cretaceous 
red beds 800 ft. below the base of the 
Ferry Lake anhydrite at a total depth of — 
5538 ft. This test was important because it 
found a normal anhydrite section, and gave 
the first proof that the belt of deposition 
of the Lower Cretaceous formations of 
northwest Louisiana swings around south 
of the Monroe-Richland uplift, then north 
up the Mississippi embayment for a con- 
siderable distance and into Mississippi. 
The same formations were subsequently 
found in at least one well in Mississippi. 

In Sabine Parish, the Shell Oil Com- 
pany’s No. 1 Pickering Lumber Co., sec. 
30, T. 4. N., R. 12 W. was drilled to 7564 ft. 
and stopped in a Lower Cretaceous lime- 
stone formation, believed to be Fredericks- _ 
burg. This is the first deep test drilled in 


where the formations dip steeply south 
into the Gulf Coast geosyncline. It pene- — 
trated probably the greatest known thick- 


the extreme southern part of the = 


Wildcat Drilling—In Caddo Parish the 
only deep wildcat tests of any importance 
were three dry holes from 5200 to 6500 ft. 
deep in the Spring Ridge area, east of the 
Bethany gas field. In Catahoula Parish, the 
Continental Oil Company’s No. 1 Tensas 
Delta Lumber Co.,sec.12,T.9 N.,R.7 E.,6 
miles southwest of Sicily Island, was drilled 
to g2r5 ft. and into the Lower Cretaceous, 
probably stopping in the upper Glen Rose. 
It is by far the deepest well in the parish, 


ness of Wilcox and Midway formations, 
3500 and 1067 ft., respectively, but the en- 
tire thickness of Upper Cretaceous beds is 
only 1693 feet. 
The La Salle Parish discoveries naturally 
stimulated wildcat drilling along the “Wil- _ 
cox trend,” which may be roughly de- 
scribed as the belt where the top of the 
Wilcox formation is to be expected between 
1000 and 10,000 ft. below the surface. A 
total of 35 wildcat dry holes were com- 


| 
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pleted in 1940 on this trend in the rr par- 
ishes of Avoyelles, Caldwell, Catahoula, 
Concordia, Franklin, Grant, La Salle, Mad- 
ison, Rapides, Tensas and Winn. The 

_ deeper and more important of these tests 
have already been mentioned, or are in- 
cluded in Table 2. No tests were drilled on 

interior salt domes during the year. 


CONCLUSION 


No great change is to be expected in 
total oil production in 1941, as develop- 
_ ment of newer fields should balance the de- 
cline in older ones. 

Many more wildcat wells will be drilled 
along the Wilcox trend in north central 
_ Louisiana, which probably will lead to dis- 
covery of new oil fields. This exploration 
will require several years, because of the 
_ great difficulty in locating favorable struc- 
d tures, particularly areas of favorable sand 
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conditions, by any method except subsur- 
face geology. 

Outlets have been or are being provided 
for most of the deep gas fields, and demand 
for gas is increasing, so these fields will be 
developed more rapidly than during other 
recent years. The discovery of gas and con- 
densate production in the Smackover for- 
mation at Lisbon gives the first real 
encouragement to very deep drilling, but 
the number of wells drilled to that horizon 
will not be large, as cost of drilling is almost 
prohibitive to any except major operators. 


ACKNOWLEDGMENTS 


Oil-production statistics were supplied 
chiefly by the Scouting Department of the 
Louark Producing Co. Other information 
has been obtained from most of the geolo- 
gists, scouts and petroleum engineers in the 
Shreveport area. 


Petroleum Developments in Southern Louisiana in 1940 


By J. Brian Exsy,* Memper A.1.M.E. 


Tue Gulf Coast of southern Louisiana 
during the year of 1940 was subjected to 
an extensive exploration and development 
campaign, as a result of which 16 oil fields 
and about 38 new producing sands were 
found. Although this record of discovery 
appears in keeping with the rate of 1939 
actually in amount of new proven reserves, 
it may fall short of that of the previous 
year. Only five or six of the discoveries 
rated as first-class or important fields at the 
close of the year. 

The most prominent new fields opened 
during the year were Neale field in Beaure- 
gard Parish, the West Cote Blanche field 
in St. Mary Parish, the Stella field and the 
West Bay field in Plaquemines Parish, and 
the Lake Salvador field in St. Charles 
Parish. There were many important oil- 
sand discoveries in proven fields, such as in 
the Bayou Perot field, the Golden Meadows 
field, the Iowa field, West Lake Verrett 
field, and the Venice field. During the year, 
1047 wells were drilled in southern Louisi- 
ana, of which 768 were completed as 
oil-producing wells, 17 as gas wells and 262 
as dry holes. 

The Neale field in northwest Beauregard 
Parish is considered one of the most impor- 
tant discoveries of the year. The field 
centers around the north half of sec. 26, 
T.3 S., R.r1 W., just north of the town of 
Neale. It was discovered by the Atlantic 
Refining Co., using reflection seismograph 
to locate the structure. Production was 
found in the second well drilled in the 
Wilcox sand on the downthrown side of a 
fault. The structure is known as the 
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“Tepetate” type, being similar to that of 
the well-known Tepetate field. There were 
12 oil wells and 3 dry holes drilled during 
the year. The Wilcox sand in this field 
occurs between 8350 and 8400 ft. and 
averages 30 ft. in thickness. 

The West Cote Blanche Bay field, in 
West Cote Blanche Bay, St. Mary Parish, 
is a 1940 discovery by the Texas Company, | 
credited to reflection seismograph explora- 
tion. The oil is from two sands occurring at 
3110 to 3140 ft. and from 4950 to 5020 ft. 
Four wells were drilled during the year, 
three oil wells and one dry hole. The deep- 
est hole drilled reached oao1 ft. without 
encountering salt or dome material. .; 

In Plaquemines Parish, south of New 
Orleans, the California company has a new 
field known as the Stella field. The sand 
was found at a depth of 7485 ft., and 5 ft. of 
perforations made a well capable of pro- 
ducing 486 bbl. of oil in 24 hr. through a 
346-in. choke. The oil is 42° gravity. The 
discovery well was drilled to a total depth 
of 10,258 ft. and other producing sands — 
were indicated. A good field appears as- 
sured, although only one well was com 
pleted within the year. 

The Lake Salvador field, in the center of 
Lake Salvador, St. Charles Parish, give 
promise of being one of the most important 
discoveries of the year. The discovery well — 
was perforated at 9775 to 9800 ft. making — 
850 bbl. of 33.7° gravity oil daily througha | 
\4-in. choke. Three wells were completed _ 
in 1940 but few details have as yet a 


made available. ° 

The Gulf Oil Corporation apparently ha 
a good field in its wildcat discovery in Wes 
Bay, Plaquemines Parish. This well foun 
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29 


30 
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Area Proved, 


Total Oil Production, 
Bbl. 


Total Gas Production, 


Acres Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- 
ery) Oil Gas | To End of | During | To End of| During 
1940 1940 1940 1940 
Appevillen Verimtlt ativan scion... haere <0 ee 1937 140 200 577,263 174,616 2,904 1,381 
Anse La Butte, St. Martin.................0.05 1902 210 80) 1,382,568 414,839 0 0 
Bancroft, Beauregard..................000000: 1938 | 1,000 1,931,209 | 1,020,000 
Barabarlay 6 COM scsce sin cecatsinnss mete olen ccs 1939 350-++ 0 430,120 413,075 0 
Bateman Lake, St. Mary.....:........2..0-235 1937 600 692,066 304,000 
EVA OMASIUCS TOST UE erases tac ain atte ome ok 1929 100 241,966 150,000 
Bayou Bouillon, St. Martin.................... 30 443,622 21,000 
Bayou Des Allemands, St. Charles 100 20} 251,024 90,529 
Bayou Des Glaise, Iberville... . . 50 0 4,300 4,300 0 0 
Bayou Mallet, Acadia... 60 300} 337,265 82,572 
BayouPieeans cl berger mericnin ceri s seuss oe vane 100 98,625 0 
Bay St. Elaine, Terrebonne.................-.- 1934 180 415,250 147,000 
Pp ipatiake amen Oitaat es acchacietea: clea ie siemiis ree hee 1935 68,689 
BigckeBay ou, Cameroeescise co cscs sista een 1929 100 0} 8,022,000 | 1,024,000 38,8742 3742 
Bosco (and Cankton), Acadia St. Landry........ 1934 1,250 0} 19,794,094 | 1,699,918 
Caillou Island, Terrebonne..............220-0+5 1930 600 29,941,288 | 2,503,000 
Cameron Meadows, Cameron...............--. 1931 320 6,571,134 710,410 
Chacahoula; Lafourche... 00.0.0. .csccceec+s 1938 50 20) 852,570 468,693 7,101 7,101 
ChallclevnCamenoiircrcre alates clase sercretars- eo ae < 1938 850 500} 1,179,000 950,000 0 0 
Charenton (Incl. West Charenton), St. Mary....| 1936 500 6,333,000 | 2,698,509 
@heneywville, Rapides, soccceaecwe s+ saceecesre sey 1935 480 40| 1,311,909 966,005 1,128 366 
Ching, Jeferson Daviss socc.. ss. accscle ge sw aes v2 1940 0 100 3,5141 3,514 
(Rim 
(Choctaw bermle-wincrcaec ticles vec neeen 1931 |150’ x 800’ 189,365 20,989 
Convent (Vacherie), St. James................. 1938 80 0 57,000 17,000 
Cote Blanche, West St. Mary.................. 1940 200 100,000 100,000 
MW PBOLGM COUMMCRON 6 cchete siecle cisloge teeters cle. sche Scans ore 1938 100 0) 1,310,760 579,058 
Crowley, North) Acadia... 0.02.0. oasc-<0-556-- 1937 500 0} 2,817,000 | 1,598,000 0 0 
rowley; COW, Acadia. 5. Neiswes cect e nies oo 1938 200 0 17,000 15,000 0 0 
DarrOws ASCENSION cineisnc acte.c\cis@hleiietieye ois sha « 1932 250 0} 4,304,000 748,000 0 0 
Deliarge, Merrebanne. sanc. see. ee cece re ee ts 107,709 59,537 
Delta Farms, Lafourche 8,372 8,372 
> Footnotes to column heads and explanation of symbols are given on page 256. 
1 Distillate. 
2 Estimated. 


338 PETROLEUM DEVELOPMENTS IN SOUTHERN LOUISIANA 


TABLE 1.—(Continued) 
eile og I ee ee 


Oil-produc- 


‘ : Reservoir Pressure . 
Number of Oil and/or Gas Wells tion Methods, 2 Character of Oil 
End of 1940 Lb. per Sq. In. 
% 
a4 
During Number om 
1940 End of 1940 of Wells &é Gravit 
iy Sul- 
& | So be Tahal Avg. at End wo a = phur 
itial MY * , 
EigSizlB] 8B |e ly J 3 of 1940 = | Weighiea | Per 
e/ss| 2/2] &2 (2 .)2,) 2/2 ieee 
e|ae|a]/2| 82 |82/88| € 18 & 
Slgsa|3/2| &@ |£5/Eo) 2 | 38 Ee 
tie at oie 3 7 0 7 0 3,6378 3,452 46 0.1 
2| 63 4/1 0 32 0 20 12 Normal 7] 23-27 y 
3 41 43.4 
4) 10 9 1 0 10 0 10 0 36.5 0.2 
5 5 38 
6 13 
7 2 
8 6 2 1 0 4 1 3 1 3,200 3,000 35-45 0.2 
9 1 1 1 0 0 0 0 0 WA ak 37.7 0.13 
10 5 0 5 0 5 0 30 
i) ee! 3] 0 0 3 0 3 0 35.6 
12 7 
13 5 5 0 0 0 
14) 29 0; 0 5 20 0 12 8 2,100 25 0.15 
15) -71 0; 0 0 55 2 57 0 P.M. 38.8 
16 49 
17| 59 4 2 1 31 10 21 
18] 8 AS eth 1 7 | 1 gas! 6 1 32.5 0.14 
19} 20] 10] O 0 17 3 17 0 v 7] 36 0.12 
20} 180 | 85 | 5 15 160 15 | 145 : 19-37 0.2 
21) 88 | 17] 5 0 31 1 28 3 2,300 2,300 44 0.15 
23) 1 Pe) 0 0 1 1 0 + 4,100 +4,100 2 
23] «4 0; 0 2 2 0 2 0 2,450 2,450 39.3 
24; 2 0; 0 0 1 0 1 0 ? ? 2 38 0.10 
25 5 1 0 ? ? 38 0.10 
26} 9 0; 0 0 9 0 9 0 33.7 
27) eOOwhs ae 0 0 35 0 35 0 7] y 35 0.17 
28] 3 3] 0 0 3 0 3 0 y 7] 35.4 | 0.10 
29} 29 5] .0 0 18 0 18 0 v y 38.5 0.12 
30} 1 0; 0 0 1 6,250 6,250 47 
cy] a ek 1 1 0 1 0 i 
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Producing Formation st rare ae 
Depth, Avg. Ft. 
Net Depth 
3 Name Agee | Character’ ons Gee vada Name oy ; 
E Top Prod. | Bottoms | Avg. Ft. Ft. 
z p Prod. 
g Due Wells 
a 
1 pos ve og Mio Sand 12 7,860 7,900 40 D Oligocene 12,214 
an on sands 
a re pero. ia | Pi-Mio|'9 26.8 { ont 4,800 160 | DS i 9,885 
3 Koe . tte 7,356 5 ne neue 11,018 
‘i ,200- 10 12,222 
: ON hz 35 { 37508 } 10-25 
5 Mio on 10,900 (2) AF |Miocene 11,879 
6 Mio { £00 5300 f DS | Miocene 10,140 
7 Mio | Sand 27.5 | 3,198 32.5 | DS |L. Oligocene 6,471 
8 Mio 8 Por DS | Salt 9,914 
9} Oligocene Olig Sand 25 8,650 8,730 30 DS | Oligocene 9,573 
10} Marginulina Olig Sand 6,386 7,198 20 D__ | Vicksburg 8,404 
11 Mio Sand High sitet ton A Miocene 10,000 
12] Miocene Mio Sand Por 7.635- 7.785 60 DS | Miocene 10,513 
F 5, 
13 aad ane and Mie Sand | ete ? Olig. Het. 
pper Oligocene ig ; 
14| Drag zone, C sand, 1-B |} Mio Sand No.3} 25 4,500 4,600 40 DS | Frio 8,321 
ae ne 2, 3,4 and 
5 sands 
15| Dis. Het. Marg. Olig Sand 7,830 9,118 90 D Vicksburg 10,432 
16] Miocene Mio Sand Por oe 6,813 90 DS _ | Miocene 6,813 
17| Miocene Mio Sand 30+ { 5,680 Ds | galt 6,955 
6,178 6,300 oil 
18 Mio Sand 31 one ae DS _ | Miocene 9,559 
9, 9, as 
8,600 8,615 ; 
19] Miocene-Oligocene on Gand 25-30 bee aie 15 D Oligocene 11,693 
a 10,100 | 10,115 Baits 
20 2 Mio Unconsoli- 900 900 locene 10,690 
dated Por | { 7,909 7200} 20 <0 8D 
sands 
21 ae Yegua & Sparta | po, g 25 { oie Bato y 65 DS | Salt 7,045 
22 Marg- | Sand ? 9,300 9,330 30 MF | 9,500 ft. 9,530 
Olig 
5| Marginulina Fri Oli 8,012 8,540 30 DS 8,964 ft. Frio 8,964 
file Mio. Sand Por | 8,035 8.045 10 | DS | Vicksburg 10,012 
Oli : 
25 Mioe Sand Por 8,035 8,045 10 DS _ | Vicksburg 10,012 
i : 
26] Miocene wis” Sand vane 6,640 100 D_ | Miocene 9,895 
spccne- Oli Mi 7,700 
Se Oke. eand: (26-30 7,900 10-30 | D_-|Lower Oligocene | 10,652 
8,800 
7,100 : 
28] Miocene Mio Sand 25 ee 10-12 Sand 10 D Oligocene 10,272 
es 
ea Ol; Mi : 00 
age roca’ Oligocene Olig Sand 27 5,700 10-100 DS | Oligocene 10,013 
8'200 
8, : : 
i Mi Sand Por 13,208 13,333 77 AF | Miocene 13,333 
at a Mio Sand 8,795 11,374 25 11,850 
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PETROLEUM DEVELOPMENTS IN SOUTHERN LOUISIANA 


Area Proved, Total Oil Production, | Total Gas Production, 
Acres Bbl. Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- 
i] ery ; » | ToEnd of | During | To End of} During 
4 oS Se 1940 1940 1940 1940 
Zz 
EI 
Es pee 
32] Dog Lake, Terrebonne.............---+-+++++--| 1935 100 2,145,432 298,000 
33] Edgenly, Calcasieu........ isteia\siwlal=sle'o divlia’aias ate 1912 215 9,532,290 99,000 
34] Elton, South, Jefferson Davis.................. 1937 0 1,500 44,911! 20,7951 1,248 571 
85)-Blton, North, AWe7.63 2hon scones ais). esate, 1939 0 640 12,144! 8,0241 258 215 
36]\ Hola’, Avoyelles ian edn he oho chs odes ale stnown 1939 1,740 4,492,765 | 3,869,982 
37| Erath, V ermiltonsr.ts. 5 0asc.css reais tees sen © 1940 20 10,000 10,000 
88). Fausse Point, Lbersasiivhe wii crctes oosvers etsiserele eainye 1926 70 71,133 23,000 
39] Four Isle, Terrebonne....... Reckoner an Abandoned 
40| Garden Island Bay, Plaquemines..............- 1935 300 3,513,037 | 1,110,000 
AY GibpOnyel errevonTees sate arse cries -faaleiei ioe ha a 1937 320 3,852,364 | 1,325,000 
AD Gillin; (Calcastewscreten cetea isenin. sce oases se 1934 1,200 19,649,617 | 1,567,000 
43| Golden Meadows, Lafourche...............04-. 1938 800 4,861,294 | 4,112,000 
44| Grand Bay, Plaquemines..........-..+.--.045- 1938 1,000 1,738,972 | 1,191,000 
45| Grand Lake, Cameron................0.2000-0- 1939 280 0} 1,051,579 924,604 
46| Gueydan, Vermilion... ..4.....000-0.0ececeees 1932 35 1,165,265 146,964 
47| Gueydan, West, Vermilion................20-05 1938 200 386,953 252,427 
48] Hackberry (old), Cameron.........0.000e0ee ene 1927 600 0| 8,421,109 | 1,684,108 y y 
49| Happytown, St. Martin...........0.000002008- 1939 80 0} 127,455 113,627 254 233 
50| Hackberry, East, Cameron..........-...+-++00: 1927 560 24,487,092 | 1,618,000 
BL Henderson St Martins csjins wemiaes yiessete ev eax 1939 100 130,000 109,000 
52! Horseshoe, Bayou St. Mary.......0.0.eceeeeeee 1937 500 1,015,561 428,000 
Bo FOUN, | POYTaDONIME.t cccts a tiessstarackae'e's ale sch Wks 80 324,753 166,030 
54| Houma, South, Terrebonne.............-.--...- 1938 80 324,753 | 166,030 1,934 686 
55| Iowa Calcasieu, Jefferson Davis................ 1931 920 42,825,700 | 3,987,700 55,8502 2,5252 
56| Jeanerette, St. Mary..........0cccsceccesecess 1935 300 8,736,000 | 1,203, 
57| Jefferson Island, Iberia.................0.0005- 1938 140 510,229 | 340,000 
BR Jounin gs ACT sag vchoten> we so maictetamaran 5% 1901 630 0} 76,700,717 | 5,549,468 
59| Jennings, South, Jefferson Davis................ 1936 0 2,300 98,3031 55,427 5,200 2,945 
60] Kennilworth, St. Bernard.................2....] 1985 20 83,184 75,000 
Gl Lafitte, Jefertorn 20% chs Gace ce sitigasicra:srsFis's Raa 1935 2,240 22,807,100 | 4,600,000 
62] Lake Barre, Terrebonne..............0s+s000005 1929 400 16,426,674 306,000 
63] Lafourche Crossing, Lafourche.................. 1939 120 235,725 | 200,000 
64] Lake Hermitage, Plaquemines.................. 1934 100 0} 150,000 9,200 
Gbi\ Take Long; PAfOUnCne se. cee ovnts vec dee ape se 1937 2,500 1,293,293 503,197 
66] Lake Mongoulouis, St. Martin................. 1939 60 9,000 4,000 
67| Lake Pelto, Terrebonne..............0.00.0.005 1929 100 1,898,570 516,000 
68] Lake Salvador, St. Charles.....................} 1940 100 40,000 40,000 
69] Lake Verrett, West, St. Martin........... 1938 400 400} 307,234 171,322 646 469 
70| Lake Washington, Plaquemines................. 1931 150 0} 2,870,000 191,000 
WL Dae Picd: Sti ames.caiecs ot sce ota aay 1939 160 43,812 40,210 2,450 2,242 
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Oil-produc- 2 
Number of Oil and Jas Wells . Reservoir Pressure, iy } 
umber of Oil and/or Gas Wells er ib) pared: ia: Character of Oil 
' y 
During Number Bs 
1940 Bnd of 1040 of Wells 5 ‘ 
oS Gravity 1 
»|2¢ = = | AP sat | Bul 
2/38 3 aE Initial Avg.at End | & 60°F, _| phur, 
2 7S 2 B bo bo f 194 “a : 
g/22| 2 S RO es of 1940 5 Weighted | Per 
DFO a) |e 6 £A - |-8 oo | 7S B Cent 
Z| ae! SB 3 Ses s ae a Ss a Average 
eiee| 6) 2] £2 |saleh1 — |e d 
ee |i ee |eeteo |e | ae a 
32 9 1 0 
33 15 
Balin L 0; 0 0 0 1 1 0 x z 51.9 y 
35 3 if 0 1 0 2 2 0 y y 0 56 y 
36| 89 48 0 0 89 0 86 3 3,808 3,190 44 0.04 
37 1 
38 5 
39 
40 25 
41 17 
42 47 
43 153 
44 15 
45| 14 8 0 0 14 0 14 0 32.7 
46 6 1 0 0 6 0 4 2 27 
47, 11 1 2 0 6 0 6 42-47 
48} 99 10} 4 3 58 2 26 32 2,600 y 22-32-37 y 
49 2 1 0 0 2 2 0 4,440 4,000 39 0.12 
50 53 
51 3 
52 5 
53 
54] 2 0 0 0 2 2 0 4,800 3,600 36 0.10 
55| 87 7 0 3 57 1 51 6 3,100 3,000 38 0.09 
56 21 
57 7 
58] 669 | 20) y y 137 y y y y 23-40 
59 6 3 0 0 0 61 6 0 | 4,000; 4,100; 6,200] 4,000-6,100 48-54 y 
60 1 
61 50 
62 22 
63 4 
64, 4 0}; 0 0 2 0 0 2 32.1 0.06 
4,220 4,220 
65] 11] 1] 0 0 PS A heals | <0 {3000 ean 40 
66 
67 13 
68 3 
69} 6 4 1 gas 5 5 z 3,600 37 0.10 
70) 13 0 0 0 7 0 a 0 y y 18 0.73 
7 1 21 3 6,000 3,800 50 38 
eg ee Dist. Oil | 0.10 
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TABLE 1.—(Continued) : 
EEE ELE ‘4 
: + Zone Tested 
Producing Formation Theos °F 1940 ) 
i 4 
Depth, Avg. Ft. : 
ae Eek A es ee ae SNL se = ; 
3 Name Agee | Character’ Poros- Le sia ar Name Hole, : 
5 itya batons ness, : 
g Top Prod ‘Prod: Avg. Ft. 5 i 
tm ne Wells } 
z 
= =e 
32] Miocene Mio Sand Por 3,206 6,842 15 DS | Miocene 7,918 
33] Miocene Mio Sand Por 2,750 4,350 DS _ | Vicksburg 7, : 
34| Linscomb sand Olig Sand Por 8,950 8,988 38 MF case on ror 
35| Cibicides : Olig s Por 7,300 20 MF | Vicksburg (Olig) | 9, - 
36| Cockfield and Wilcox | Eoc 8 og { _ eet 20,120 AF | Wilcox 8,813 
‘ ; 11,991 
37 ’ 
Mi i P 3,150 8,000 7 DS _ | Miocene 12,125 Bi 
30 plea Mic sand “ 5,512 5,595 DS _ | Miocene 10,725 
40| Miocene Mio | Sand Por | 4,072 6,993 15 | DS | Miocene 7,200 0 
41| Miocene Mio _| Sand Por { byt At 40 | D_ | Miocene 11,440 
42| Miocene Oligocene Sand Por 5,156 7,050 50 AF | Vicksburg 9,246 { 
ig : ‘ 
43| Miocene Mio Sand Por 8,500 8,510 10 D_ | Miocene 12,526 
44 He sena Mio a Por one io S i : 
45| Miocene Mio and : i 0 jocene F 
46| Gueydan Capind ’ 9,250 : : 
Gueydan Flank Mio Sand 302 on 40 DS | U Oligocene 9,975 
47| Miocene Mio | Sand 32 6,676 7,158 12 | DS? | Lower Miocene | 9,835 — 
48| Amphistegina- Mio f 4,500 3,000- | 48-80- Marginulina 
Marginulina Gig AE 4 \ 3200 { 10'000 50-245} | PS | "(Otte wis 
49| T. and W. sands Clig _| Sands Por 19,740 19,703- | 122-219 DS_ | Olig 10,900 
ae 
9 
50 ood Sand 30 | rent 8,210 45 SD | Oligocene 8,265 
ig : : 
7,200 
51 Olig Sand Por 9,745 9,770 25 DS | Frio 10,000 
52] Miocene Mio Sand Por { ies } 40 D_ | Miocene 12,777 
53 
54] Peters Mio Sand 30 10,300 10,320 7 DS | Mio 11,344 
F Mio H6 sand : 
55] 1-1D 5-6-7 & Frio Olig Sand 30 6,850 6,950 50 DS _ | Vicksburg 9,161 
56 Mio Sand DS_ | Miocene 11,634 
57| Miocene Mio | Sand Por { Het oto} 40 | DS | Miocene 9,921 
58] Upper. eee to 37 Sand 1,883 8,230 120 DS _ | Vicksburg 10,766 
arginulina ig ; 
8,600 8,661 
59 Syoae 8,800 ft., 9,500 a 8 31.5 aye ssa 32-16-11 DS ysis 10,953 
es 1g ’ ’ 1g 
60| Oligocene Olig Sand Por 10,595 10,638 y DS |y 11,469 
61] Miocene Mio Sand Por 8,035 10,130 80 D Miocene 12,115 
63) en Met lo oh: enied aae ise 3 | DS. | Miocene 10/998 
io 0, ; 6 jocene E 
64] Miocene Mio | Sand 23 | { t550 | see} 15 | DS | Miocene 9,786 
65] Miocene Mio | Sand Por | 9,860 | 10,430 | { 4O°489}] AF | Miocene 11,347 
66] Miocene Mio | Sand Pots ig se'ard tae} 18 | DS | Miocene 10,788 
67] Miocene Mio [Sand | Por | | Gis | gavot 55 | DS | Miocene 7,270 
68] Miocene (? : Sand 9,775 9,800 (?) D_| Miocene (?) 10,500 
69 ait ; ah Lam Mio Sand 30 |N. oe 7,518 33 DS | Olig 11,678 
8d; > an . Sd. ’ 
70| Cap Plio Time Cap| 23 1,125 1,150 25 DS _ | Miocene 6,445 


rock 
TAY fet at) Hehe 8 | Big | Band a5 | {19st | 14000} | 40-17 | DS | Heterostegina | 11,402 
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TABLE 1.—(Continued) 


Area Proved, Total Oil Production, | Total Gas Production, 
Acres Bbl. Millions Cu. Ft. 


Year 
of 
Field, County Dis- 
cov- 
he ery : To End of | During To End of | During 
4 Oil: | Gas? | “i940 1940 1940 1940 
EI 
Z 
g 
Ande 
72| La Place, St. John the Baptist................05 1939 480 30,8261 26,653! | 1,295,000 | 1,162,052 
WB eesVille, DGSoUrche. ccc cone ecine eos vivivice 1931 350 21,499,503 | 1,183,000 
MA Tainette, Terrebonne....c~.cncocc css s ete oceeces 1937 0 600 63,000! 24,000! 
75| Little Cheniere, Cameron..............+2.+00% 1940 20 5,000 5,000 
(eiwockport, Calcasiew ccc: sneceeechewee ces 1924 520 0} 14,928,022 309,581 
TG NOMG)- BEQUREGONE ..j<i. ac. ca.ew voi ves oe detec weet 1940 400 0} 330,000 330,000 85 85 
WeuNow lperiay LOCNG cc. vcccscits a wtledewice ass 1917 240 21,180,664 | 3,045,000 
79| Mermentau, West, Jefferson Davie ST ee niece eae 1940 20 6,000 6,000 
80} Niblett, Jefferson Dani er Pees cast 1940 5,389 5,389 Not Not 
‘ available | available 
BME RP AIS: St CMGMERS bare cist onrssieiere dae eur wearerareiret 300 368,000 350,000 
2 PRCTADS, COMGSIEUs Ao 52s cc Bee + ae siste sw eae 0 40 0 0 
83} Pine Prairie, Evangeline 
84| Port Barre, St. Landry 500 8,986,000 840,000 
85) Potash, Plaquemines 100 0} 387,000 260,000 
86] Quarantine Bay, Plaquemines................. 1937 800 2,755,088 | 1,590,000 
Bil aceland: Lafourche... vcacc clot es sc wes ones wee 1938 120 40} 1,196,779 741,299 548 
RBI PRICHIO A CEUTA cc iiete. are cissatebyercierpie nsivareinien oo 1940 20 4,000 4,000 
89| Roanoke, Jefferson Davis.............-+0000005 1934 750 8,677,700 617,700 7,4302 4302 
90| Roanoke, South, Jefferson Davis...... ......... 1937 2,360 2,360| 682,500 377,700 9,142 6,092 
lgheotion 28, Ste Marti oe nee aces deere oo spies 1940 
92| St. Martinsville, St. Martin................0005 1935 100 0} 1,119,484 124,942 399 45 
Bi Sorento, Ascension onc .cc.s0e cc scan sien ee'eae oder 1928 100 0} 1,867,000 70,550 
a! SUAT KBs CALCMStet rac Nhee cicinsls kere «loa eye civ eer ssate > 1925 100 3,081,513 160,000 
OG bella, PUGGUeCM NES 6 ics ccc seve et as vies weime ees 1940 3502 20,955 20,955 
96] Sulphur Mines, Calcasieu.............6.0000008 1926 320 0| 14,957,636 985,898 0 0 
Oritsweet Lake, Cameron ..c.s:cce<1- 50 sc700 «00050 > 1926 190 10} 4,749,540 534,381 x x 
Sihepetntarea Cadta wesne diy any aseceerer versie cche' vie arstene 1935 | 1,200 1,200} 9,583,817 | 1,571,371 44,569 8,915 
99] Tepetate, North, Acadia...............0-00005 1938 0 1,000 95,278 28,195 3,000 1,000 
100] Timbalier Bay, Lafourche...............0000005 1938 40 160,000 70,000 
101| University, S. Baton Rouge, E. Baton Rouge..... 1938 530 425} 2,893,000 | 1,792,000 | 1,500,000 700,000 
102] Valentine, Lafourche..............+.++- rae etter 1936 160 4,586,000 865,000 
103] Venice, Plaquemines... .2c.06. oe sade es ee ae tee 1937 2,054,901 857,311 1,767 665 
104] Vermilion Bay, [beria................0-000eeee 1939 50 127,000 80,000 
105] Ville Platte, Vania eet: ce Mian SoC 1937 2,800 2,800} 8,818,206 | 4,462,848 33,823 23,400 
MOGIWANGON, CAICASIEU = sce iiatecters cieinle 6 =\tercie lee esse /4%0 270 45,332,300 310,000 
107| Welch, Jefferson Davis 50 10 645,688 8,238 0 0 
108] West Bay, Plaquemines.............00-2000005 4,000 4,000 
i038 White Cale, i DENVICE rr aantN ete oats et settsie ete 0 4,261,866 795,850 2,6842 9482 
} i y ast: Vermiltones. cs acces a2 oes oe 12,000 12,000 
ty belo tag “Dots. 1,555,736 | 873,233 
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TABLE 1.—(Continued) 


Oil-produc- R Sei ecaetire 5 
Number of Oil and/or Gas Wells tion Methods, phen e Character of Oil 
End of 1940 Lb. per 8q. In. 
% 
During Number a 
1940 End of 1940 of Wells | ; 
Z| Seri, | su. 
jo) wl. a 
ons Avg. at End ° phur, 
a ° l iy 60 F., 
Bical heise heer a Cm ait. of 1940 | Weighted | Pet 
g/sx| 3 g gS et as eon lice 2 Average 
2\e5\ a1 | ge 18. | se) .2'1a e 
eleui a] s ga |33|38| 8 | 88 3 
3/821 8]-2 | AO Ween) ee leedt = : 
ma) ajo] o |e|s| a] o| em | 383} or 
73 88 
74 0| 0 1 0 6 7 0 y y 48 0.34 
75 1 
76) 120 1 1 0 22 0 2 20 
77| 10} 10} 0 0 10 0 10 0 3,700 3,000 37 y 
78 84 
79 1 
80 1 1 1 42 0.2 
81 7 
82) 1 0} 0 1 0 0 y y 
83 
84 36 
85 9 5} 0 0 9 0 9 0 y y 28 0.10 
86 17 
Siew § 3] 0 0 6 2 6 4,615 4,465 36 0.2 
88 1 
89] 35 0 5 0 hg 1 14 3 x 3,250 38 
10 3 10! 10 z 6,508 53 0.10 
92) 2 0} 0 0 2 0 2 0 |2,547 # est.@ 5,536) 2,498 #-5,536 0 
93) 16 1 2 1 7 0 6 1 22-32 0.5 
94 14 
95 2 2) 0 0 2 2 (1)42-(2)35 0.2 
96] 129 8| 9 25 57 0 8 49 18-32 
97| 17 6} 0 2 12 1 11 ily x & 29 £ 
98] 59 2 2 50 2 50 3,640 2,426 PM 36 —0.2 
9] 7| o| o 6 Gath il She Vee 4,566 y 52 y 
100 2 
101} 43 11 1 2 40 2 41 1 : 33.2 
102) 30 4| 0 3 25 3 12 Variable—9 prod. sands 30-38 0.2 
103} 17 6] 0 3 14 0 4 0 3,224-7,100 3,114 41 0 
104 2 
105) 148 | 64 2 146 2 148 4,070 (Tate) 2,597 (Tate) | PM 44 —0.1 
106 57 
107) 70 1] oy 7] 18 0 13 y z 22 y 
108 
109} 22 6] 0 2 14 1 12 3 x 2,600 26 oil 50 dist. 
110 
PUI) 21 9] 0 0 15 6 15 0 3,000 to 4,000 same 35 ? 


eat at) 
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Producing Formation 
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Deepest Zone Tested 
to End of 1940 


Depth, Avg. Ft. 
Net Depth 
Poros- Thick- | Struc- f 
§ Name Agee | Character’ ee an dese? taral Name Hole, 
g Top Prod. P ig Avg. Ft. Ft. 
z Zone We ; 
a ells 
aS 
a 
72 Mio Soft Un-| Por 8,100 8,900 12-30’ | ,DS | Oligocene (?) 11,005 
consoli- 
dated 
2 : Sands 
73| Miocene Mio Sand Por 2,929 6,530 50 D Miocene 9,723 
74| Mio Mio Sand 30% 8,400 8,450- 50 D Miocene 12,165 
10,520 10,524 
75| Mio, Het Marginulina | Mio Sand 3,700 Hackberry 7,902 
Middle 
Olig 
76| Het, Marginulina Mio Sands 3,700 6,483 Hackberry 7,902 
Miocene Mid 
Olig 
77| Wilcox Eoc iS) 25 8,360 8,450 10 AF | Upper 260 of Wil-| 8,612 
: cox 
78| Pliocene-Miocene Pli-Mio | Sands Por 2,760 6,159 50 DS _ | Miocene 9,968 
79 11,748 
80| Marginulina Olig Sand iP 11,604 11,624 20 D Marginulina Frio | 11,748 
81| Miocene Mio Sand Por 10,187 10,212 60 DS | Miocene 11,555 
82| Frio Olig Sand 30% 7,038 7,042 4 D Cockfield 9,450 
83 
84) Mio-Olig Mio | Sand Por oe 25 | DS | Frio 7,213 
85| Mio Mio | Sand 27% { $350 | gang t] 0-150 | DS | Miocene 10,027 
86] Miocene Mio Sand Por 7,688 8,559 20 DS | Miocene 10,014 
87 Mio 8 Por 10,135 10,210 75 DS | Salt 9,870 
te #6 sand 
89| 5-6-7 sand Olig Sand 30 8,750 8,850 35 DS Vicksburg 10,750 
90| Heterostegina Olig Sand Por 9,942 9,967 21 DS | Marginulina 12,088 
91 1,250 2,500 DS ‘ 9,411 
92) Miocene Mio Sands 30 5,500 5,572 20 DS | Vicksburg 9,646 
93 Plio Mio} Soft sands | Por 900 900 20 SD _ | Oligocene 8,004 
4,378 4,378 
94| Cap rock Miocene Mio DL Por (7s y y DS | Jackson 7,420 
95 Mio |S (2)9,950 (1)15-(2)30] AF | Miocene 10,807 
Mio 180) 
96 Olig | Sand +30% 7,000 DS _| Oligocene 7,500 
97 Mio Sand Por 4,457 7,387 y DS_ | Miocene | 8,928 
98] Ortego Olig Sand 12 oe 8,338 38 D_ | Marginulina 9,447 
99] Frio Olig {Ss 25 8,460 8,807 37 | AF | Frio 9,487 
9,036 
100| Miocene Mio | Sand Por | 5,820 | { B02 15 | DS | Miocene 8,728 
101 Mio Uplift on 4,100 7,200 27 Oligocene 10,360 
Mio 
102 Mio | Softsand | Por | { $39 ee 535 | DS | Miocene 11,001 
103} Several individual Mio Sand 25 %to 3,600 10,700 30-125 DS | Buras sand 10,700 
sands 30 % : 
i Mio Sand Por 10,131 10,241 110 DS_ | Miocene 10,622 
05 Moone (Haas) Tate | Eocene | Sand P 9,020 9,080 60 D_ | Wilcox 10,939 
ileox ? 
i Mi Sand Por DS | Vicksburg 6,939 
id ee Pli-Mio iS) y | 1,300-5,300 y 10-15 DS Hacterry 10,358 
1g 
ie Wilbert 4-8-9-Dis Mio Sand Por 6,330 6,385 50 DS | Discorbis 8,777 
Olig 
110 : ‘ 
in- ,000-9,500 Various | Domal | Hackberry in 10,194 
lt Mei Band aden? Graber | basal Marg 
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oil sand at 7267 ft. and made an unusually 
good producer of 32° gravity oil on comple- 
tion. The East White Lake discovery of the 
Union Oil of California is undoubtedly of 
major importance. This field is near the 
east edge of White Lake in Vermilion 
Parish. Oil was found in sand at a depth of 
10,536 feet. 

The amount of proven oil reserves in 
newly discovered fields is conservatively 
estimated at 75,000,000 bbl. This figure will 
be rapidly lifted with increasing field 
developments. Reserves in new sands in old 
fields have not been estimated but are 
considered to be large. The discoveries of 
1940 in southern Louisiana pave the way 
for_an extensive drilling program in 1941. 
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Oil and Gas Development in Michigan during 1940 


By THEeron Wasson,* Memper A.I.M.E. 


No major oil-field discoveries were made 
in Michigan during the year 1940. Produc- 
tion for the year was maintained by 
discoveries made in 1938 and, as a result, is 
below the total for 1939. Several extensions 
to old fields have been made, which have 


helped to maintain production in the face 


of rather rapid decline in the fields of the 


_ southwestern part of the state. Important 
extensions were made in Overisel, Porter, 


Sherman, and Adams fields. Important oil 


and gas fields of the state are shown on the 
= map, Fig. 1. 


Michigan’s production of 19,700,000 bbl. 


- during 1940 was 3,800,000 bbl. less than 


the total for 1939, but about one million 


; greater than 10938. This brings the total 


- accumulated production for the state to a 


little over 145,000,000 bbl. 


Active Ort FIELDS 
The leading producer for the year was the 


4 Temple field, Clare County, where 29 new 


wells were drilled. The Walker field, Kent 


County, was second, but drilled 183 new 


- wells in order to gain that position. In the 


4 


* 


extension of the Overisel field in Allegan 


County, 115 new producers were drilled. 


The Adams field, Arenac County, was 


~ revived by several wells with initial produc- 
tions of over 1000 bbl. per day from the 
_ Dundee of Devonian age. 


ActTIvE GAs FIELDS 


Two important gas fields were discovered 
by Taggart Brothers during the year. The 
first was in Riverside township, Missaukee 


‘Manuscript received at the office of the Institute 


March 28, 1941. , ; 
* Chief Goo lbeiee, The Pure Oil Co., Chicago, 


— Ilinois. 
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County; the second in Marion township, 
Osceola County. Both are producing from 
the Stray sand at about 1350 ft. These 
fields are on structures found by core test- 
ing through the glacial drift. The Six Lakes 
field, Montcalm County, discovered in 
1934, is Michigan’s largest gas-producing 
field. It has 195 wells producing from the 
Michigan Stray sandstone and the Upper 
Marshall sandstone. This field was devel- 
oped on a 4o-acre spacing plan. 


WILDCAT DRILLING 


A test in sec. 29, Winterfield township, 
Clare County, which is producing oil from 
the Monroe of Devonian age at a depth of 
3760 ft., and a well in sec. 31, Lincoln 
township, Osceola County, producing from 
the Monroe at 3625 ft., should be classed 
as wildcats that are sure to lead to further 
development in 1941. 

At the end of the year the Gulf Refining 
Company’s deep test on the Kawkawlin 
structure in Monitor township, Bay 
County, was preparing to drill deeper after 
having had a gas blowout from a depth of 
7775 ft. This test is the most important one 
drilling at the end of the year in Michigan, 
for should it develop commercial produc- ‘ 
tion from deeper beds it will lead to deeper 
drilling on many well-known structures 
that have been producing from shallower 
sands. 


EXPLORATION 


A small amount of reflection seismograph 
work was done in Clare, Osceola, and Glad- 
win Counties during the year. Exploration 
by shallow drilling for structural informa- 
tion on beds below the glacial drift con- 


348 OIL AND GAS DEVELOPMENT IN MICHIGAN DURING 1940 


Ww < 
eA 
é 
wow 
Cer] zs 
Cc 
OTSEGO MONTMORENCY 
ff Rn 


TEMPLE 
y CLARE 
SS LINCOLN 


FREEMAN: 


x= MECOSTA 
AUSTIN 
> * SAGINAW 
MONTCALM - SAGINAW 
si CRYSTAL — bo 
HES NEW HAVEN BIRCH RUN = 


TALLMADGE, 
TALLMADGE 


GRATIOT 
CLINTON SHIAWASSEE 
A 
IW salem 
OvERISEL | Ss oRR IB izony 
. 
DIAMOND SPRINGS’ * MONTEREY SRKCAND 
& ALLEGAN | BARRY EATON INGHAM LIVINGSTON 
» /ROWBRIDG 
+ COLUMBIA = 9%, LARE MILL “Yh 
CBLOOMINGDALE yoy 
r * BANGOR 
VAN BUREN KALAMAZ00 CALHOUN JACKSON WASHTENAW 
Vv 
BERRIEN 
Se fee f ST JOSEPH | BRANCH 1s DEERFIELD 
HILLS DALE LENAWEE MONROE 
! N 1) | A N A 
H | 


° 


CANADA 


LAKE ERIE 


° 


SCALE iN MILES 
50 “o 


7 20 Jo 70 oo 30 100 


‘Fic. 1.—OIL AND GAS FIELDS OF MICHIGAN IN 1940. 


——— re 


; 
' 


npn —maae 


THERON WASSON 


TABLE 1.—Oil and Gas Production in Michigan 
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: Total Gas 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Malton: Cu. Gas Wells 
Field, County During} 
> 1940 End of 1940 
oO 
> 
cr Ss . aT i ° 
z Z| Ou | Gast | Pye) | “isao® 23 | | ~l2e| 
om oO CIRO a0 
z % elu j2slS/sEal8 |g 
2 g am |-S | Bo] s| s/S8|/Se2 ls 
a $ ow | SS | ES|8|S/88| Salis 
= > Bo ha to S| eee iO 
do) Adams, Arenae: o.....05 6.022000 +000| L987 800 0 433,574] 313,199 0 0 28] 13] 4) 0 22) 0 
2 | Austin (Gas), Mecosta..............|1985 0| 2,200 0 0} 5,660} 421) 29) O} 3] O 0} 14 
3 | Bangor, Van BUren ole sison Sas ow ge 1939 240 0 174,811 97,139 0 0 16) Gh 4-0 12/ .10 
4 | Beaverton, Gladwin. oe Sea oOo 600 0 599,444 34,916 0 0 28), 0) 2) 0 14] 0 
5 Bentley, Gladwin Ses baer be. tetera 1937} 1,000 0 537,431} 124,701 0 0 38) 1) 2) 0 35| 0 
6 | Birch Run, SAGINAWiee. 4 sess 1934 300 0 180,807 10,092 0 0 28; 0; O| O 25} 0 
7 | Bloomingdale, Van Buren.......... 1938] 1,200 0| 4,864,549) 979,737 0 0} 160) 7} 18! 0} 106) O 
8 | Broomfield (Gas), Tsabella. ma tae eee 0} 4,100 0 0} 6,343 404 54; O] 1] O 0} 35 
9 | Buckeye, North, Gladwin........... 1936} 2,900 0} 13,771,349] 822,404 0 0} 262) 0) 26} O | 204) 0 
10 | Buckeye, South, Gladwin. . .... {1936} 2,500 0| 3,560,328} 183,049 0 0} 188) 1) 46) 0 94) 0 
14 | Clare (Gas), Clare.................]1929 0} 400 0 0} 697 46 9} 0} 2) 0 0o| 6 
on Clare City, Clare:..cc...c80s. es 0s. 1938 20 640 11,048 3,637 842 473 7 LIL 0 Dh owt 
Ha? | Clayton, Arenges. .... 500+ -.000-%> 1936} 1,300 560} 3,214,631] 417,144) 1,593) 1,269 SS ieee 0) 51} 28 
14 | Columbia, Van Buren............. 1938} 1,100 0} 1,714,058} 499,720 0 0} 101] 10) 28) 0 65) 0 
15 | Crystal, Montcalm.................|1985] 2,180 200} 7,075,813 83,053 338 23} 240) 0} 3] O 25) 5 
16 | Deerfield, Monroe-Lenawee......... 1935) 240 0 152,712) 109,102 0 Of ZS LZ 212 10 26) O 
17 Diamond Springs, RS ae 1938 560 0 653,265 77,395 0 0} 55) 0] 6) 0 27; 0 
18 | Dorr, Allegan.. 360 0 240,761 30,842 0 0 24; 0} 3] O 18] 0 
19 | Edmore, Montcalm. . 160 0 404,325 18,466 24 24 13; 0] Oo] O 6} 0 
20 | Edenville, Midland............ 400 0} 1,029,266] 109,836 0 0 35) O} 5] 0 26) 0 
21 | Freeman (Gas), Clare 0} 1,760 0 0| 373) —288) 14) 1) 2) 0 0} 13 
22 Gratiot: iGratvot. «ce .mme. cscs ee es os 0 400 228 0 4 0 3} 0} | 0 0; 0 
BM EAT; \OCCONG. scares ens 160 116,275 0 0 0} 17; O| oO} O (0) 
24 | Home (Gas), Montcalm............ 1938 0} 5,000 0 0} 915332). 7338) 24) 9} A) 0. 0} 28 
25 | Lake Mill, Van Buren.............-|1938] 500 0 284,059 52,782 0 OF 29)" Bb) 5) 0 17) 0 
Ba MicatOny eM Gaea cists sss sv cdeneidai> 1929} 2,100 480| 2,750,465} 136,710 186 9 90} O; 5] 2 44) 0 
97 | Lincoln (Gas), Clare............... 1938 0} 2,720 0 0} 510) 444) +14) 6] oO} O 0} 14 
28 | Marion (Gas), Osceola-Clare........ 1940 0} 5,600 0 0 0 0} Sed2 1 1215 oO} 12 0} 0 
29 | Monterey, Allegan. . ... {1988 300 0 322,889 44,729 0 0 28) Si 31 0 19] 0 
30 | Mt. Pleasant, Midland-Isabella..... 1928} 8,000 0| 21,140,777] 412,696] 4,820] 347) 442) 1) 8! 0 | 190) 0 
31 | Muskegon, Muskegon Pa ete ee 1927) 2,700 0} 6,656,162 38,391) 7,758 37) 412), 1) 27), 3 47; 0 
32 | New Haven (Gas), Gratiot.......... 1935 0} 2,400 0 OVMZ STL O77" ble. Ol) 40) 0 0} 48 
33 | Overisel, Allegan.................- 1938] 2,070 0} 1,475,365] 1,028,271 0 Of 13 )115)12) 107), 131) 0 
84 | Porter-Yost, Midland ............. 1931) 8,440 0} 36,648,826] 1,744,589] 2,301 323) 531) 13] 27) 0 335} 0 
35 | Ravenna (Gas), Muskegon.......... 1936 0} 3,840 0 0} 1,107 38) 29) OF 1) 27 0; 0 
36 | Riverside (Gas), Missaukee......... 1940 0} 3,000 0 0 0 0 4) 4! oO] 0 0}; oO 
37 | Saginaw, Saginaw................. 1925} 1,800 0} 1,349,552 22,164 0 QO} 282) 01 ol 0 55) 0 
38 | Salem, Allegan.................... 1937| 2,350 0} 2,491,695) 404,087 20 14); 177] 18] 21) 0 143) 0 
39 | Salem New, Allegan............... 1938] 1,130 0} 2,862,519] 1,045,889 0 0} 102) 11) 3] O 94) 0 
40 | Sherman, Jsabella................. 1936] 1,220 3,609,733 9,752 0 0} 95) 8 1) 0 62] 0 
41 | Six Lakes (Gas), Mecosta-Montcalm .|1934 0} 10,120 0 0} 21,825) 5,853} 244) 2) 10) 0 0/195 
42 | Temple, Clare. . {1938} 2,710 0} 10,207,223} 4,432,779 946 946} 163] 29] 13} 0 140} 0 
43 | Tallmadge, South, Kent... 1939 560 0 36,462 34,478 0 0 25 ap 2} 0 20) 0 
44 | Vernon, Isabella... - 1930} 1,100 880} 4,185,400} 154,023) 1,361 40 91 5} 0 34) 6 
ABM eWalkersKent. ctaicce«tcntens ses ss 1938] 5,500 0} 7,030,013] 4,208,933) 1,709} 1,709 469 183 iH) 457) 0 
46 | West Branch, Ogemaw ............ 1933] 5,000 0} 4,148,713} 490,717 0 0 257 6} 6) 0 235) 0 
47 | Winfield (Gas), Montcalm ......... 1938 0} 1,920 0 0 789 355 14; 3) O}| O 0} 14 
AR MEW ISG TSQDENG ccctsicnteo cums dave ca ee 1938] 1,200 0} 1,125,906) 848,261 49 3 65] 46} 1) 0 62) 4 
49 | Wyoming Park, Kent.............. 1939 450 0 66,047 53,321 0 0 21) 11) OF 0 15) 0: 
50 | Miscellaneous..................... 655,305} 202,118 5 4) 75} 9) 16) 3 62) 7 
51 LOLA asad ee ate eaten bree 65,000] 46,220/145,231,786|19,728,167| 63,163] 13,980) 5,864/580)/337) 57 | 2,920/419 


’ Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 1.—(Continued) 


Oil-Pro- ; 
: Reservoir Deepest Zone 
Methods, ESNet yar ac Producing Formation Tested to End 
End of | (g,° f o 
1940 ae 
% 
Number 3 Depth, Avg. 
of Wells gi & Ft. 
& £ P 
lage ele y= x 
= S/F =| Name ~ : ae es ree: 5 
S| 2/3 slg nEal se B/3| 3 |s=|s<| 8 % 
z\a|8 |— |85)2|Boa| 0 g]a|%e |esiB&al 8 a 
2| 5 |2a| 3 |sele/BSS|S5 3 | 2/2] 98 |Sel32] 2 Ss 
Sle |S5) 8 |s5lelé > lam 2i1Slalean ja“14 B a) 
: Traverse 2,031] 2,039) 15 
1} 0} 22]. of yl olf3i-gy | Daniee \\Dev|L | P}{Seailaeaito }| A [Dundee | 3,111 
2] 0 0} 512) y|0 O|y | Stray-Marshall Mis |S | P| 1,390} 1,410)10 A | Monroe | 4,042 
S120. 12 y| y | O| 28.5]y Traverse Dev | L p 1,002) 1,006} 2 A | Traverse | 1,050 4 
Ai eO.| 18 y| y-| 0| 41.3/0.16) Dundee Dev|L | P| 3,880) 3,895}12 A | Dundee 1025 
5| 0] 35 uy) y | 0} 41.4ly Dundee Dev|L | P| 3,500) 3,536)25 A | Dundee [3,685 : 
6) 40°] (25 uy} y | 0} 42.4/0.25) Berea Mis}S | P 1,529] 1,546)13 A |Dundee | 2,760 ; 
7|- 0] 106 uy) y | 0} 41.2/0.79] Traverse Dev|L | P| 1,216) 1,219) 2.5 A | Monroe | 1,904 x 
8] 0 0 | 580) y|} 0} O ly Stray-Marshall Mis |S P 1,300 1,350) 5 A | Monroe | 3,788 
9 | 0 | 204 y| y | 0} 39.0/0.25) Dundee Dev |L P| 3,621) 3,647}11 A | Monroe | 4,696 
10] O| 94 y| y | 0| 39.0/0.25) Dundee Dev | L Pe 3,574| 3,597}11 A | Monroe 4,330 : 
10 ued 0 | 605} y| 0} O ly Stray-Marshall Mis |S P| 1,408) 1,413} 5 A | Monroe’ | 4,055 | 
12] 0 2} 605} y| Ol y ly Hear ris : P eee lets : A | Monroe | 3,865 — 
erea is ; : . 
13 | 0] 51 | 620] yo} a4.ajy | { Berea ers), Mis |S} i Pl { d3selasreli2 }| A | Dundee |2,707 . 
144; 0} 65] yl y{O) y iy a. hall (gas) cae y P “ph a is A | Monroe | 1,904 : 
tray-Mars gas is A ’ 
15| 0| 25 | 443] y | 0} 41.3/0.37 {Monroe ei Mis 1S}) pif 3fos|3'202| 4 }| A | Monroe |8,520 | 
16} 0 26 y| uy | 0} 40.0ly renton Ord |L P 2,102] 2,114] 9 MF | St. Peter | 2,512 : 
17 | SO a2 yi yj} O) y ly Traverse Dev|L | P 1,466) 1,472) 3.5 A | Traverse {1,571 — 
18| O| 18 y| y | 0} 41.4/0.44) Traverse Dev |L P 1,596] 1,507} 4 A onroe 065 : 
19} 0 6 | 900} y | 0) 43,2)0.11| Traverse Dev |L P| 3,108) 3,112) 4 A | Monroe {3,700 
20] 0O| 26 uv) y | 0} 41.3ly Dundee Dev|L | P| 3,788} 3,796) 8 A | Dundee | 4,015 
BihatO 0 | 607) y|O| O ly Stray-Marshall Mis |S P 1,486) 1,512|12 A | Monroe 3,956 
29° 0 0 yi yl} Ol oy ly Parma Pen |S P 5 510/10 MC | Dundee [3,100 
23} 0 0 z| 0| 0| 34.0ly Traverse Dev|L | P| 1,880) 1,890} 4 A | Dundee _ | 2,407 ? 
24] 0 0} 515} y} 0} O fy | Stray-Marshall Mis |S | P| 1,890} 1,400) 7.5 A | Monroe |3,665 — 
25) 0] 17 vy) yl Ol oy iy ray hall (gas) oe : i gt ae ri A | Monroe | 1,820 
tray-Mars! gas is ’ ’ 
26) 0} 44 | 550) y | y) 43.0/0.16) } Dundee (oil) ye lB | P| see siesi| 7.5}| A | Monroe | 4.390 
by) 0] 607) y |} 0} O ly Stray-Marshall Mis |S ig 1,526] 1,538)10 A | Monroe | 4,285 
28| 0 0 vy} y|O)} O ly Stray-Marshall Mis |S P| 1,392} 1,408) 9 A | Monroe | 3,945 
29]; 0} 19 yo yl Ol oy |v Traverse Dev|L | P| 1,638) 1,647] 3 A | Traverse [1,808 
30] Oj} 190 vy) y|y| 41,5/0.13} Dundee Dev|L | P| 3,536) 3,568]14.6 A | Sylvania 821 
81} O| 47 y| y | 0| 37.4/0.56| Traverse-Dundee Dev|L | P| 2,050) 2,075/10 A | St. Peter | 4,754 
82)| 10 0} 448! y/0} O ly Stray-Marshall Mis |S | P 915} 950) 5 A dee | 3,657 
88 | 0 | 181 y| y | O| 41.7]ly Traverse Dev}L | P| 1,471) 1,481] 3 A | Traverse | 1,690 
34| 1 | 334 y | y| 41.3]0.26) Dundee Dev|L | P| 3,422) 3,434/12 A | Sylvania | 4,733 
35 | 0 0| 720) y| 0) O ly Berea Mis | S-D} P 1,212/1,233/10 y | Dundee | 2,306 
36] 0 0 yoy | Ol oy lv Stray-Marshall Mis |S | P| 1,381) 1,3855)15.7 A | Monroe | 3,912 
37) O} 55 vy) y | 0} 44,310.24) Berea Mis |S | P| 1,820) 1,850/16 A | Sylvania | 3,970 
388 | O]| 148 yl) y | O| 41.5ly Traverse Dev|L | P 1,587) 1,601] 8 A ee | 1,950 
39] O} 94 vy) y | O} 41.0ly Traverse Dev|L | P| 1,621) 1,631] 6 A | Monroe | 1,968 
40| O| 62 vy) vy} 0} 47.8ly onroe Dev|D | P| 3,648) 3,652) 4 A | Monroe | 4,031 
41| 0 0 | 516] y | 0} O ly Stray-Marshall Mis |S P 1,275] 1,300]16 A | Monroe | 3,529 
42 | 15 | 125 v| y | 0} 43.8]0.37) Monroe Dev|D | P| 3,895} 3,900] 4.5 A | Monroe | 3,954 
43] 0} 20 y| y|0| 42.0jy | Traverse Dev|L | P| 1,820} 1,845} 7.5 A | Traverse | 1,936 
44| 0} 34] 575) 2] y| 44.1/0.30} Monroe Dev|D | P| 3,741/3,743] 3.0 A |Monroe | 3,907 
45 | 0 | 457 uy) y | O| 41.0ly ao Dev|L: | P i en oh A | Monroe | 2,400 
raverse ; a 
46} 0] 235} y| y| 0} 33.4/0.35 { Dune } Dev|L | P { 3859] a"707l20 }} A | Monroe [3,637 
47| 0 0 | 446} y/] 0; O ly tray-Marshall Mis |S 0% 1,124} 1,141] 8 A |Monroe {3,374 
48] O| 62 uv} y | 0} 48.0ly Dundee Dev|L | P| 3,702) 3,716)10.5 A |Dundee | 3,723 
74 ‘ a vy) vl Ol oy Iu Traverse Dev|L | P 1,191) 1,218] 6 A | Traverse | 2,102 
51] 16 |2,904 
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tinued on a larger scale than in previous 
years, 


PRORATION 


Early in the year most of the active fields 
had an allowable of 100 bbl. per day; this 
was revised by an order effective March 
15, which prorated fields as follows: New 
Salem, Walker-Wyoming-Tallmadge and 
Overisel, each 100 bbl. per well per day; 
Temple, 1o-acre spacing, 75 bbl. per well 
per day; 20-acre spacing 150 bbl. per well 
per day. Effective Oct. 1, 1940, proration 
was lifted from all fields, with the exception 


_ of the wells in Redding township, Clare 


= eae 
a ; 
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County, spaced at 20 acres, which re- 
mained at 150 bbl. per well per day. 


PRICES 


At the end of the year crude-oil prices 
were 15¢ to 20¢ per barrel higher than at 
the beginning of the year. 
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TABLE 2.—Summary of Drilling Operations in Michigan 


Important Wildcats Drilled in 1940 
Surface Formation, Pleistocene 


Initial Pro- 
Location duction per 
Day 
Total | Deepest 
County Depth,} Horizon Drilled by Remarks 
Ft. | Tested , | Gas, 
: ales 
ec. | Twp. e. . 8. | lions 
moire Bbl. | Cu. 
Ft. 
1} Allegan 8 4N|14W| 1,479 | Traverse | H. C. Nelson 150 Discovery causing northern 
extension Overisel 
2| Arenac 22 | 19N] 3E ]} 2,879 | Dundee | Don Rayburn 1,981 Discovery causing northern 
0 peceaee foo ie 
s 9W] 5,013 | St. Peter | Sun Oil Co. irst St. Peter test in Barry 
"oid : ea County. Good show oil in 
St. Peter 
BOB stele 2 )}14N/ 4E ? Salina Gulf Refining Co. Test- | Test- | Important deep test, 12,000,- 
ing | ing | 000 cu. ft. gas in Salina. Pre- 
paring to drill deeper 
5 | Clare. 15 | 19N] 3 W}] 3,753 | Dundee Sun Oil Co. 1,512 Produced 10,344 bbl. before 
abandonment and caused 
additional prospecting _ 
6 | Clare. 85 | 20N| 6W| 38,797 | Dundee | Sun Oil Co. 50 Discovery well sec. 35, Winter- 
field township : 
7 | Clare. 29 | 20N]| 6W| 38,772 | Dundee Rowmor Corp. & Hughes} 359 peeps we sec. 29, Winter- 
eld townshi 
8|Gladwin.| 10 | 18N| 2 Wy} 3,841 | Dundee | Sun Oil Co. 15 Discovery well Grout township 
i M Wallace & Markle 26 First discovery of oil in Monroe 
9 | Huron... 8 | 17N{14E | 3,422 onroe formation nc I te 
RY has 
10 | Osceola..| 31 | 18N|10W)} 38,635 | Monroe Weber Oil Co. 29 Discovery of oil in Monroe 


formation, Lincoln township 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1940...............405 
Number of oil wells completed during 1940............... 
s wells completed during 1940.............- 


Number of 


Number of dry holes completed during 1940 


JOO bdeoSGorooS 0000 banaped 68 89 
& Maced eon se sege 527 20 
Maisto ence ears 53 7 

185 370 


——_—_—$—$—<———_ ew oe 


Oil and Gas Development in Mississippi during 1940 


By H. M. Morse* 


Durinc the year of 1940, wildcat wells 
were drilled in 32 counties of Mississippi; 85 
wells in all. These were scattered over the 
state from the most northern county to the 
southern counties and from the Mississippi 
River on the west to the Alabama line on 
the east. Yazoo County, with 19, received 
the largest number. 

The average depth of all the wells was 
5333 ft. The shallowest well completed as a 
dry hole was in Yalobusha County, aban- 
doned at 1392 ft. in the Selma. The deepest 


Manuscript received at the office of the Institute 
March 27, 1941. 
*State Oil and Gas 


* State _ Supervisor, 
Mississippi. 


Jackson, 


well drilled was in Scott County, aban- 
doned at 10,365 ft. in the Lower Cretaceous 
Paluxy. G. C. Grasty drilled the Kentucky 
Lumber Company No. 1 well, sec. 7, T. 10 
S., R. 10 E., Itawamba County, to a depth 
of 3530 ft. and bottomed his hole in the 
Ordivician. 

Tinsley Oil Field—In the Tinsley oil 
field 104 wells were completed as producers 
during 1940. Five producing sands have 
been logged with a total average thickness 
of 157 ft. of oil sand. One of these sands is 
in the Selma, three in the Eutaw, and one 
in the Tuscaloosa. 

Vaughan-Pickens Field—The Vaughan- 


TABLE 1.—Oil and Gas Production in Mississippi 


eet Total Oil Total Gas Production, Number of Oil and/or Gas 
fos Production, Bbl. Millions Cu. Ft. Wells 
es 
Field Duri 
ie p 1940" End of 1940 
> 
w i=] . 
5 3 . »| To End | During . oe >a 
4 Z Oil | Gas of 1940 1940 To End of 1940) During 1940 3s 3 ¥ ge ee bes 
fe 3 3| 2} 8 |5a re te 
B3/ GB) BZ lavls. ley 
f : Bg) © | 3 |ealsale2 
a fe OFS | = ABIES 
1 | Jackson gas Beldl si.acawias 1930 0} 7,600 0 0/106 ,497,619,000) 6,448,737,000| 146 1). -¥ 0 0| 27 
2 Tinsley oil field.......... 1939] 5,880 0} 4,324,192) 4,209,223 0 0} 112) 104) 0 0}; 112) 0 
3 | Vaughan-Pickens oil field |1940) 40 0} 286,256] 286,256 0 Cee ale 2t0 ORG) 4; 0 
Oil-pro- R . 
duction CASEY OI 
P , GRO : , Deepest Zone 
Methods, Th er pee Producing Formation Tes itis of 
1940 Sq. In. 
3s 
§ 
Number =| Depth, A 
of Wells 3 ; bea a 
& Gravity 
8 = || “soe. N A z |i 
= |.8 PF, ame gee 3 
g wo |e A | 5 | Weighted | .& 3 | 3 = 4s 2 Spee to 3 
z\ als = |8z F Average | 55 eos a. [am] 5 ch 
2| & fge| 8 [eo |s Bs § 2\ ed | Sz Se 2 ac 
ale [25] 3/25/38 a= & |8| é8 | 8% B<| 8 ae 
1 980 | 880 Selma CreU | C x | 2,420 | 2,485) 15 ini 
2/37 | 75 | 250| 1250] 37.3 Io. ; CreU | sand| z AP raseabocka 6430 
Bt Oe 0 010 38.4 |x Wilburn (Eutaw)| CreU | sand} a | 4,880 | 4,890] 61] F | Tuscaloosa 6,031 


® Footnotes to column heads and explanation of symbols are given on page 256. 
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Pickens oil field was discovered by the for the year. Three salt domes were drilled 


Exchange and Kingwood Oil Companies and penetrated, two in Warren County and 
in sec. 31, T. 12 N., R.3 E., Yazoo County; one in Lamar County. 
the Wilburn No. 1 well was put to produc- Prospects.—Mississippi is not expecting 


ing on April 8, 1940. The producing sand more than 50 wildcat wells during 1941, but 


is in the Eutaw. it is believed that those 50 will be more 
Exploration—At one time during the carefully drilled and located with regard to 


early part of 1940, 75 geophysical crews structural conditions than wildcat wells 


AE. 


‘were in operation, and the average was 40 _ hitherto drilled. 


TABLE 2.—Summary of Drilling Operations in Mississippi 


Wildcats Drilled in 1940 


Total Bottom-hole 


County Company Farm and Number Location Dep Fomor 
1 | Attala... 2... Gulf Refining Co. | Peeler No. 1 NE SE sec. 35, T15 N, R 9 EB | 5,027 | Lower Cretaceous 
2) | Attala... ... Harking & Mat-| Weeks No. 1 NW NW SW sec. 29, T15 N, R 6E |} 5,017 | Tuscaloosa 
ews 
Sr pAttala: 2 2... F. R. Jackson Crosby No. 1 Wis NW NEsec. 3, T14N,R7E | 5,262 | Tuscaloosa 
4 | Attala...... F. R. Jackson Roe Land Bank NW SE sec. 29, T16.N, R 9 E | 4,512 | Lower Cretaceous 
5} Clarke...... Ark-Miss. Oil Co. | Long Bell No. 1 SW NB sec. 35, T 3 N, R17E | 7,011 | Marine Tuscaloosa 
6 | Clarke...... Ark-Miss, Oil Co. | School Land No. 1 SE. NW sec. 16, T 2N, R16E | 5,012 | Tuscaloosa 
7 | Copiah..... G. C. Koch Broome No. 1 SW SEsec. 1,T 9N,R SE | 3,628 | Tallahatta 
8 | Copiah..... J. S. Wheless, Jr. | Columbian No. 1 NE NEsec.19,T 1N,R 3 W| 8,005 | Selma 
OM tind s'est. Royal Oil & Gas Co. Eel Jr. College SW NEsec. 35,T 5N,R 2 W} 7,647 | Hutaw 
10 | Holmes..... Exchange Oil Co. | Gwin No, 1 NE NW SEsec. 6,T16N,R1E | 5,099 | Tuscaloosa 
11 | Holmes..... Exchange Oil Co. | Russell No. 1 NE NE SB sec. 32, T15 N, R 2E | 5,490 | Butaw 
12 | Holmes..... Exchange Oil Co. | Thurmond No. 1 NW NW Sk sec. 21, T15 N, R 3E | 5,003 | Tuscaloosa 
13 | Holmes..... Hawkins & Howell | Jones No. 1 NW NW see. 27, T15 N, R14 |} 5,010 | Butaw 
14 | Holmes..... rane & Mat-| Ellis No. 1 NE SW sec. 18,T14.N, R 4E | 5,007 | Tuscalocsa 
thews 
15 | Holmes..... L, A. Hawkins Humphreys No. 1 E14 SE NE sec. 33, T13 N, R 2 E | 4,987 | Selma 
16 | Holmes..... Rowan Drilling Co. | Smith No. 1 NW NEsec. 7,714 N, R 1 W| 5,827 | Tuscaloosa 
17 | Holmes..... A. H. Rowan Eakin No. 1 NW SEsec. 20,T14N,R 1£E | 6,007 | Kutaw 
18 | Humphreys.) Fohs Oil Company | Holladay No. 1 SW SW sec. 5, T13.N, R 3 W| 5,200 | Igneous 
19 | Humphreys.| J.B. Moncrief et al. | State of Miss. No.1] NW NW NE sec. 9, T15 N, R 2 W| 5,522 | Igneous material 
20 | Humphreys.| Reid-Clark Allen No. 1 NE SW SW sec. 4,713 N, R 4W| 5,057 | Igneous 
21 | Issaquena...| Germany et al. Mohanna No. 1 SE SWsec. 9, T18N,R 3E | 6,023 | Tuscaloosa ? 
22 | Issaquena...| W. E. Hall etal. | Charping No. 1 NE NW sec. 29, T10 N, R 8 W| 5,020 | Paluxy ? 
23 | Itawamba...) G. C. Grasty ee Lbr. Co. Ni SEsec. 7,T108, R10 E | 3,530 | Ordovician 
0. 
24 | Jefferson . 
Davis. ...] Fred Courson Bailey No. 1 SW SW NEsec. 4,T 6N, R18 W| 6,013 | Wilcox 
25 | Jefferson Exchange Oil Co. | Newman Lbr. Co. SE SE NE sec. 36, T 7 N, R19 W} 5,025 | Wilcox 
Davis. . No. 1 
26 | Jefferson : 
Davis....| J. W. Richardson | Berry No.1 ; SW NE see. 15, T 9 N, R19 W| 8,523 | Tuscaloosa 
ie dWONeS. hoc es R. W. Williams a ee Oil E14 NW sec. 1, T 8 N, R12 W| 7,004 | Selma 
‘0. No. 
28 | Kemper....|} A. E. Manning Caldwell No. 1 SW SW sec. 25,T 9N, R15 E | 1,507 | Selma 
29 | Kemper....| A. E. Manning _ | Caldwell No. 1 SW SW sec. 25, T 9 N, R15 E | 3,309 | Tuscaloosa 
30 | Lamar......| Miss. La. Oil Syndi-| Simmons No. 1 El4 NE NW sec. 32, T 3 N, R14 W| 2,001 | ? 
cate 
31 | Lamar...... Tatum Lbr. Co. wf 8. F. Tatum NE sec. 14, T 2.N, R16 W] 2,000 | Salt 
0. 
32 | Leflore...... Exchange Oil Co. | Wildwood No. 1 SE SE NE sec. 6,T20N, R15 | 5,829 | Igneous 
33 ison....| Ralph A. Johnston Te rah alae SW SW sec. 14, T10 NN, R 3 EB | 5,315 | Eutaw 
0. 
34 ....| Ralph A. Johnston | Ray No. 1 - SESW sec. 6,T 8N,R3E | 7,409 | Tuscaloosa 
35 ....{ Ralph A. Johnston | School Land No.1 | NW NE NE sec. 16,T11N,R 3E | 5,010 | Butaw 
36 ison....| Ralph A. Johnston } Young No. 1 SE NE sec. 32, T11N, R 4E | 5,078 | Eutaw 
37 ison....| Love Petroleum Co.} Parkinson No. 1 NW NE sec. 23, T 9N, R 1 W] 5,327 | Butaw 
38 ison....| W. G. Ray Haffey No. 1 S14 NW sec. 7,T10N,R 5E | 5,046 | Kutaw 
39 ison....| Stanolind Oil & Gas | Higgason No. 1 SW SW sec. 10, T11 N, R 5 E | 5,020 | Tuscaloosa | 
40 | Monroe..... eee Gas & Oil | Rye No. 1 SW NE NE sec. 22, T15 8, R17 W| 2,745 | Pennsylvanian 
0. : 
41 Gulf Refining Co. | Parker No. 1 SW SW sec. 22, T19 N, R 7E | 5,303 | Pennsylvanian 
42 hoba....| J. P. Evans Oliver No, 1 SW sec. 18, T 9 N, R13 E | 4,018 | Tuscaloosa 
43 | Newton..... Kingwood Oil Co. | State of Miss. No. 1 NE NE SE sec. 27, T 8 N, R10 E | 4,772 | Tuscaloosa 
44 | Oktibbeha. .| N. W. Shiarella Murphy No. 1 N¥% NE NW sec. 28, T17 N, R12 E | 4,025 | Lower Cretaceous 
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TABLE 2.—(Continued) 


Wildcats Drilled in 1940 


: -hol: 
County Company Farm and Number Location ge 2 
45 | Perry....... Fohs Oil Co. Bond Lbr. Co. No.1] N44 SE NW sec. 1W Tuscaloosa 
46 | Pike........ 8. R. Crouch Cupit No. 1 SE SW sec. 7E ? 
47 | Scott....... Exchange Oil Co. i Minerals | NW NE SW sec. 7E Tuscaloosa 
0. 
48 | Scott....... Gulf Refining Co. ioe Minerals| N14 NE NE sec. 7E Paluxy 
0. 
49 | Scott....... E. L. Martin Adams No. 1 an SW SE sec. 6E Tuscaloosa 
50 | Sharkey. ...] Charles Crader Wells No. 1 SW NW sec. 7W Igneous 
51 | Sharkey. ... — Petroleum | Cooper No. 1 6W frees (Tusca- 
0. 
52 | Sharkey. ...| Ralph Fair rete Estate NE NE sec. 7W Tuscaloosa 
0. . 
53 | Simpson. ...} Cleve Love Garner No. 1 SW NE sec. 7W Midway 
54 | Smith...... rege B. Ownby | School Land No. 1| SW NE NE sec. 9E Tuscaloosa f 
rill Co. | 
55 | Stone....... Harry I. Morgan serie ae Lbr. Co. NW SE sec. 2W Eutaw : 
0. 
56 | Tallahatchie | Gulf Refining Co. | Cason No. 1 NE sec. R1iW Igneous q 
57 | Tallahatchie | I. P. LaRue Westbrook No. 1 SE SE SE sec. N,R2W Tuscaloosa : 
58 | Tallahatchie | Marshall R. Young |} Ogilvie No. 1 SE NW sec. N,R2E Igneous ; 
59 | Warren..... W. O. Allen Culley No. 1 SE NW sec. 6 N,R3E Salt 
60 | Warren,.... W. O. Allen Tom Henry No. 1 Wh BW sec. N,R4W Eutaw 
61 | Warren..... Magnolia _ Petro- rete china y No.| SW SW SW sec. N,R4E Salt 
eum Co. 
62 | Warren..... Burden-Cummings | Morrissey No. 1 NE sec. N,R2E Tuscaloosa : 
63 | Wayne..... Hill & Hill a ae Realty No. SW NE sec. N,R9OW Eutaw 
64 | Yalobusha. .| Stewart & Hawkins} McRae No. 1 NE NE SW sec. N,R6E Pennsylvanian 7 
65 | Yalobusha..| J. E. Green Goldman No. 1 N,R6E Selma ‘ .| 
66 | Yalobusha, .| Stewart Oil Co. Creekmore No. 1 N,R7E Pennsylvanian o 
67 | Yazoo...... Arcarea Reserve Holmes No. 1 N,R1E Eutaw : 
68 | Yazoo...... Soarossey iets Stubblefield No.1 | SW SW NW sec. N,R1iW Selma 
inerals : 
69 | Yazoo...... Joe M. Dawson Curran NW NW sec. N,R3W Eutaw 
70 | Yazoo...... E. M. DeLoach Wilburn No. 1 NW NW NW sec. N,R1W Eutaw : 
71 | Yagoo...... Leon Dunn Pepper No. 2 SE NW NW sec. N,R2E Ima 
72 | Yazoo...... Exchange Oil Co. | Bennett No. 1 NE NE SBE sec. N,R2E Tuscaloosa : 
73 | Yazoo...... Exchange Oil Co. | Edgar No. 1 SW NW NW sec. N,R1W Tuscaloosa 
74 | Yazoo...... HnehAnes EGrer Wilburn* No. 1 NE NE NEsec, N,R3E Eutaw 
wo 
75 | Yazoo...... Hill & Hill Kitkead amet SE NW NE sec. N,R3W Selma 
tion No. 
76 | Yazoo...... Hill & Hill teegtng'd No. 1 SE SW SE sec. N,R3E Tuscaloosa 
77 | Yazoo...... Eisgecgd Bs Shipp No. 1 E}¢ SW sec. N,R1E Eutaw 
change 
78 | Yazoo...... Robert P. Lake Exum Estate No. 1 NW NE sec. N,R2E Eutaw 
79 | Yazoo...... Nelson Brothers Stoner No. 1 SE NW sec. N,R5W Tuscaloosa 
80 | Yazoo...... phrenic: Explora- | Vandevere No. 1 SW SW SE sec. N,R1W Tuscaloosa 
ion 
81 | Yazoo...... Sells Petroleum Co. | Falkner No. 1 SE NE sec. N,R4W Selma 
82 | Yazoo...... a, Rowan a cae & Edwards| SW NW NE sec. N,R3W Eutaw 
ope 0. 
83 | Yazoo...... Whigate Oil Co. Robertson No. 1 NW NW NW sec. N,R2W Selma 
84 | Yazoo...... Whigate & Sanford | Robertson No. 1 SW NW SBE sec. N,R2W Selma 
85 | Yazoo...... Ypsoo es at » Brooke No. 1 NE NW SE sec. N,R2W Selma 
ockhar 


Core holes completed in 1940: 6. 


1 
* Discovery well of Vaughan-Pickens Oil Field. 


Development of Oil and Gas in Missouri in 1940 


By Frank C. GREENE* 


(New York Meeting, February 1941) 


THE wildcatting in northern and north- 
western Missouri, which started in 1930, 
was continued in 1940. Two new gas fields 
were found and one discovered in 1939 was 
further extended. The total number of 
completions was 94, of which 5 were oil 
wells with about 48 bbl. initial production, 
_ 30 were gas wells with an initial open-flow 
capacity of 37,655,000 cu. ft., and 59 were 
dry holes. 

The outstanding discovery was the Polo 
gas field, T. 55 N., R. 28 and 29 W., in 
Caldwell County. A sand now believed to 
be a lens in the Bandera shale at a depth of 
400 ft. yielded flows of more than 12,000,- 
ooo cu. ft. In all, to wells with 31,490,000 
cu. ft. of gas, were drilled. The rock pres- 
sure is 80 lb. At present no arrangements 
for an outlet have been made. 

In Platte County, the Prairie Point gas 
pool in sec.-7, T. 51 N., R. 33 W., and 
sec. 12, T. 51 N., R. 34 W., and the Lake- 
side pool in secs. 5 and 6, T. 50 N., R. 33 

W., were further developed, and in the 


Published by permission of H. A. Buehler, State 
Geologist. Manuscript received at the office of the 
Institute Feb. 19, 1941. 
* Geologist, Missouri Geological Survey, Rolla. 
Missouri. 


latter both oil and gas have been found, but 
data are not available for publication at 
this time. 

Drilling for gas continued in proven areas 
in Clay County, and for both oil and gas in 
proven areas in Jackson and Cass Counties. 
Table 1 summarizes the results of drilling 
in Missouri in 1940. 


TABLE 1.—Wells Drilled for Oil and Gas in 
Missouri in 1940 


Num- Gas Num-| Oil 
ber Prod ber Pro- 
County of tae he of duc- | Dry 

Gas | cu Ft Oil | tion, 

Wells ede Wells | Bbl.¢ 
ACaIr teres 2 
Bollinger... . I 
Buchanan... 2 
Butler... I 
Caldwell....| 10 31,490,000 9 
Cartolliy 5: I 
Casson 32ers 4 1,544,000 3 28 12 
Clay.. 5 I,431,000 4 
DeKalb 3 
LOI Se is ie 
Jackson... .. 5 415,000 I ro 6 
STOR reeves I 
Lafayette... 2 
Livingston... 2 
Mercer...... I 
Platters csi 6 2,775,000 I 10 7 
Randolph... I 
Schuyler.... 2 
Shelby...... I 
Totalse./|| 430 37,655,000 5 48 59 


° Partly estimated. 


Petroleum Development in Nebraska in 1940 
By E. C. RrEp* 


Ort was discovered in Nebraska on Nov. 
I, 1939, when the Pawnee Royalty Com- 
pany’s Boice No. 1 well, about 3 miles west 
of Falls City (NE NEW, sec. 18, T.1N., 
R.16 E., Richardson County) was drilled 
into the Hunton formation but the develop- 
ment of the area took place during 1940. 
After a pumping test lasting 18 days, the 
Boice well stopped producing and failed to 
qualify for the State bonus of $15,000 
offered for the first oil well to produce 50 

Manuscript received at the office of the Institute 
April 14, 1941. 


* Assistant State Geologist, Nebraska Geological 
Survey, Lincoln, Nebraska. 


TABLE 1.—Oil and Gas Production in Nebraska 


i 
i 
| 
§ 


bbl. per day for 60 consecutive days. On — 
May 9, 1940, the Pawnee Royalty Com-_ 
pany’s Bucholz No. 1 well was completed — 
about 144 mile southeast of the discovery 
well and flowed at the rate of about 330 bbl. 
per day, easily meeting the State bonus 
requirements. : 
In addition to the discovery well, which 
later was reconditioned, and the bonus well, 
28 producers were drilled in the Falls City _ 
field during 1940. Of these wells, 23 are in 
sec. 20, two are in the northern part of 
sec. 29, two in the southwestern part of sec. — 
17 and three in the eastern part of sec. 


Area Total Oil | Productios 
otal Oi roduction, é 
Apeien! Produution BRA ANGllings Number of Oil and/or Gas Wells 
Cu. Ft. 
Year : 
Field, County of Dis- During | End of 1940 
covery 1940 
be : i] 
: >| To End | During eB >a 
q Oil | Gas?) cP i940| 1940 Bele |BlEEle |e 
2 BSlwo |Ss/ SB] 8 5a a 3 
2S) 8o|asg [4 eis se 
Re 5 
g os |2|8a| 8 | 2 |EalBs|ze 
a & 3) Oo | a eF@ Ia ig 
1 | Dawson Field, Richardson.......... 1940 | 20] 0 1,400 1,400} 0 0 1 LAlee 1 0! 0 
2] Falls City, Richardgon: vi... 0\5.0« 1939 | 770 | 0 | 272,800 | 271,000] 0 0 28} 27] 0 1 27] 0 
3 | Shubert Field, Richardson.......... 1940 | 40] 0 2,280 2,280 1 Laid 0 | an (Yi) 
dil eMDOfall.2 ec ayiges deena demon hes 830 276,480 | 274,680 30] 29] 0 2 28} 0 


yea chte Ch: ; P : Deepest Zone Tested 
"Bnd of 1940 apart reducing Yoeuros to End of 1940 
he te of Depth, 
Wells Ceiviey Avg. Ft. 
: APL | Sul i 
2 |-8 Average Cent 2 . 18 ..|8 5 -f-3) 
iia i} x 6 2 - AS 
| = [es  lEgies|2| % ag 
S| = | 6| & [BRS RAF 2<| 8 am 
1 1 21.7 ? Hunton Dev | D | Cav | 2,256] 2,260 4 | A | Granite (during 1937) | 3,424 
2 5 22 31.5 37400 unton Dev | D | Cav | 2,250] 2,270] 20] A pet - 3,372 
: a 31 ? Hunton Dev | D | Cav | 2,483 | 2,452 A | Hunton 2,452 


> Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 2.—Summary of Drilling Operations in Nebraska 
ene nea ee eS SAN NE Rca te Ree Ph et 
Important Wildcats Drilled in 1940 


Location 
Total 
County -— opt, Surface Formation 
See Twp Ree ut 
il 11N 13 E Pleistocene on Pennsylvanian 
2 28 N 8E Recent Alluvium on Cretaceous-Graneros 
3 33 N 50 W Cretaceous-Pierre 
4 5N LW Pleistocene on Cretaceous-Greenhorn 
5 2N 21 W Pleistocene on Cretaceous-Niobrara 
6 4N 6E Pleistocene on Lower Permian 
7 14N 37 W 3,650 Pleistocene on Tertiary-Ogallala 
8 16N 39 W Pleistocene on Tertiary-Ogallala 
9 TN 7H Pleistocene on Lower Permian 
10 23 N 49 W Pleistocene on Tertiary-Ogallala 
11 4N 14E Pleistocene on Lower Permian 
12 4N 15 E 2,718 Pleistocene on Lower Permian 
13 4N 15 2,732 Pleistocene on Lower Permian 
14 4N 16E 2,587 Pleistocene on Lower Permian 
15 4N 16E Pleistocene on Upper Pennsylvanian 
16 5N 145 3,110 
17 5N | 1235 2,472 
18 5N 14E Drilling 
19 5N | 14E | 1,387 | 
20 5N 15E 3,504 Pleistocene on Lower Permian 
21 5N 15 E 3,510 
22 5N 15H 2,518 
23 6N 13 E 
24 6N 14K 
25 8N 14E 724 leistocene on Upper Pennsylvanian 
26 1N 9H Pleistocene on Lower Permian 
27 3N 11E 735 Pleistocene on Lower Permian 
28 3N 12E 740 | Pleistocene on Lower Permian 
29 13 N 12E Pleistocene on Pennsylvanian 
30 Richkenicon as Bete e-cres'« SW NE 22 1N 13 E 3,142 Upper Pennsylvanian 
Balch RICHATASON asa. ale ais « SW NW 6 1N 144E 2,310 Alluvium on Lower Permian 
B2)| Richardson. -isms<c + ---- SE SW 8 1N-| 14E Alluvium on Lower Permian 
B06) Richardson... 0.2.0.2. 5. SE SE 9 1N 145 2,260 | Lower Permian 
84) Richardson. .-.2c7:...... NW NE 16 1N 14E 2,341 | Lower Permian 
Bbi| Richardson... ec elss <n. NW NE 22 1N 14E 2,408 | Lower Permian ; 
Boi Richardsons..4..... 2 202~ NE SE 3 1N | 158 2,605 | Alluvium on Lower Permian 
37) Richardson. ..02.).- 0. .0+-- NE NW5 IN | 155 3,398 | Pleistocene on Lower Permian 
BSi| Richardsomye 2 qJ+. a5 >. NW NW 24 1N | 155 3,760 | Lower Permian 
89 | Richardson........1....... SE SW 6 1N | 165 Pleistocene on Lower Permian 
Qi RiGhardsOnt.\.c20e sntlee aes» SW NW8 1N 16 E Pleistocene on Lower Permian 
41| Richardson..............-+ NE SE 8 iN 16E 2,404 | Pleistocene on Lower Permian 
42°) Richardsonijse.!-s2.22-0.2< SE NW 16 IN 16E 2,393 
ASi Richardson’... cgsceccs+ 0 2 NW SW 17 1N 16E 2,282 
AAMRICHATABOM eich p= =.4 ate os- = NW NW 17 1N 16E 
45)| Richardson... ..2..+.s.-.-. SE NW SW 17 iN 16 E 2,225 
463) Richardsans... 2... 2-. 0+ NW NE 18 IN 16E 2,278 
AAW RAGHATOSOM: (ee \si0)-)ylye mis = 00.0 NE SE 18 1N 16E 2,293 
48 | Richardson............-.-+ SW NW NE 20 1N 16E 2,263 
9 49}| Richardson. c.s.--.=2--- NE NW NE 20 1N 16 E 2,282 
50 | Richardson............-.-- SE NW NE 20 iN 16 E 2,268 
61) Ricthardson.....-..2..2..... SE NE NW 20 1N 16E 2,236 
52| Richardson....:*..--......- SE NW NW 20 iN 16E 2,245 
HoimichardsOM.... 2.) -+.----- SW NE NW 20 1N 16 B 2,257 
54| Richardson.....7.-......--+ SW NW NW 20 IN 16E 2,259 Alluvium on Upper Pennsylvanian 
55 | Richardson.........-....-- NW SE NW 20 1N 16E 2,260 
56| Richardson............-.-- NE SE NW 20 1N 16E 2,263 
BAPRAChardsOn a... gar ckectwe ets NW SW NE 20 1N 16E 2,263 
BS MMRICHALGSONe. ..@ <.cio-rcn's,.': - C &: NE 20 1N 16E 2,270 
59 | Richardson..............-- C 20 1N 16E 2,229 
60} Richardson.......--....-0+ NE SW NW 20 1N 16 E 5 ae 
fe) Richardsonese. agi ee 4+ - NE NW SW 20 1N 16E 2,267 
62 Richardson................| NWSW NW 20 1N 16 EB 2,271 
63} Richardson: ...56--.-2.++-- SW SE NE 20 1N 16E 2,258 
64 | Richardson..........-. lsh ee a : in ue 2,268 
eee Gece een 
he ae iN | 16E | 2,259 


66 | Richardson.........-----++ CWL NW SE 20 
ae 
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TABLE 2.—(Continued) 


Important Wildcats Drilled in 1940 


CHONCUr whe 


Deepest Horizon Tested Drilled by 
Viola Goldenrod Oil Co. 
St. Peter sandstone Peder Skriver et al. 
Permian Stephens Oil Co. 
Arbuckle Will Ebke 
Cretaceous L. W. Trickett 
Lower Permian 8. F. Miller 
Permian California-Nebraska Oil Co. 


Tertiary-White River 
Silurian 
Cretaceous-Lakota 
Mississippian 
Hunton 

Hunton 

Hunton 


Viola 
Hunton 


Pennsylvanian 
Viola 
Arbuckle 
Hunton 


Pennsylvanian 


Granite 
Granite 


St. Peter (Ordovician) 
Hunton 


Arbuckle 


Hunton 
Hunton 
Hunton 


Hunton 
Hunton 
Hunton 


Hunton 
Hunton 
Hunton 
Hunton 
Hunton 
Hunton 
Hunton 


Hunton 
Hunton 
Hunton 
Hunton 
Hunton 
Viola 


Hunton 
Hunton 
Hunton 
Hunton 


Hunton 


E. A. Keyes et al. 

August Krueger 

C. L. Price et al. 

Frank Engles et al. 

Black Gold rating Co. 
Clampitt, Ogden, Richards 
Jackson, Rust et al. 
Francis Krone et al. 

Jock Garden et al. 

E. W. Schrock et al. 

Bow & Arrow Oil Co. 
Black Gold Operating Co. 
J. O. Isaacs et al. 

Nemaha re ck eas Co. 
Pulliam et al. 


Continental Petr. Corp. Neb. 


Bow & Arrow Oil Co. 

H. A. Risk 

Walters et al. 

Black Gold Operating Co. 
Palensky Bros. 

L. K. Hough et al. 
Stevens & Uhri 

Eckert & Longmire 

Uhri Oil Co. 

Uhri Oil Co. 


Powers and Stalder 
M. J. Lewis 

Forest City Basin Syndicate 
Sparks and Campbell 
Pawnee Royalty Co. 
R. L. MeIntyre 

H. S. Campbell et al. 
Pawnee Royalty Co. 
Rust, Shaffer et al. 
Pawnee Royalty Co.* 
Pawnee Royalty Co.* 
Pawnee Royalty Co.* 
Taylor Drilling Co. 
Pawnee Royalty Co.* 


Skelly Oil Co. 
Skelly Oil Co. 
Skelly Oil Co. 
Harper Oil Co. 
Harper Oil Co. 
Harper Oil Co. 
Harper Oil Co. 


Pawnee Royalty Co.* 
Pawnee Royalty Co.* 
Pawnee Royalty Co.* 
Pawnee Royalty Co.* 
Pawnee RGyainy Co.* 
Shaffer et al 


Shaffer et al. 

Shaffer et al. 

R. L. Campbell et al. 
R. L. Campbell et al. 
R. L. Campbell et al. 
Skelly Oil Co. 


Initial Production 
Oil, 
U.S. Bbl. 


per Day 


Remarks 


50 est. 


Drilling 
Drilling 
Drilling 
Drilling 
Drilling 


Drilling 
Dry and abandoned 
Drilling 
Drilling 
Drilling 


Drilling 

Dry and abandoned 
Dry and abandoned 
and abandoned 


1 
Dry and abandoned 
Dry and abandoned 


Dry and abandoned 
Dry and abandoned 
Dry and abandoned 
Dry and abandoned 
Drilling 


Drilling 

Dry and abandoned 
Drilling suspended 
Dry and abandoned 
Dry and abandoned 


Drilling 
Dry and abandoned 
Dry and abandoned 
Drilling suspended 
Cut 30-98 per cent water 
Producer 
Dry and abandoned 
Dry and abandoned 
Dry and abandoned 
Dry and abandoned 
Dry and abandoned 
Drilling 


Drilling 

Dry and abandoned 

nan and abandoned 
Producer 

Drilling suspended 

Producer 

Producer 

16 per cent water cut. Pro- 

ducer 
Producer 


5 per cent water. Producer 


Suspended production, 40 
per cent water 

Producer 

Producer 

Producer 

Producer 

Producer 

Producer, 50 per cent water 


aspen? 50 ae cent water 
Pak and abandoned 


ae Lee 
* All producing wells of Pawnee Royalty Co. now property of Ohio Oil Co. 


et 


E. C. REED 


18, all in township 1 north, range 16 
east, Richardson County. The present 
proven area of the field is approximately 
690 acres, extending for a distance of about 
214 miles from north-northwest to south- 
southeast and having a maximum width of 
about 34 mile. 

The Beart production of the field at 
the close of 1940 is estimated at 10,000 bbl. 
per day, although estimates as low as 5000 
bbl. and as high as 15,000 bbl. have been 
made. The initial production tests of most 
of the wells in the field vary from 150 to 
tooo bbl. per day. 

The thickness of the producing formation 
varies from 4 to 49 ft. and averages 20 ft. 


-_A few wells produce in part from the 


Misener sand, which immediately overlies 
the Hunton locally and varies in thickness 
from zero to about 7 ft. in the field. The 
gravity of the oil is about 314° A.P.I. at 
60°. The cumulative production of the field 


up to Jan. 1, 1940 is about 272,000 bbl., the 


.*\*, De 


hie he 


oom 


majority being produced during the latter 
part of this period. Although a number of 
the wells in the field flowed at first, most of 
them are now on the pump and the bottom- 
hole pressure and fluid level have dropped 
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appreciably, especially in the part of the 
field that has been more closely drilled. A 
number of the wells are showing some 
water, varying from none to as high as 80 
per cent in unusual cases but averaging 
approximately 5 per cent for the entire 
field. 

The wells vary in depth from 2225 to 
2365 ft. and average 2268 ft. in depth. The 
depth to the top of the producing formation 
varies from 2210 to 2361 ft. and averages 
2248 ft. Sea-level elevations on the top of 
the Hunton in the producing area vary 
from minus 1313 to minus 1390 ft. The oil 
occurs over the top of a north-northwest 
trending anticline, which exhibits relatively 
small closure on surface beds (Upper 
Pennsylvanian and Lower Permian) but 
shows a closure of about 200 ft. on the top 
of the Hunton. The field is now fairly well 
defined by drilling. The first wells were 
4o-acre locations but a number of 1o-acre 
locations have been drilled in the central 
part of the field. Drilling is done almost 
entirely with rotary tools, although the 
discovery well was a cable-tool test. About 
too ft. of 1o-in. surface casing is cemented 
and drilling continues to near the top of 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1940 


Location Total 
County poe. Surface Formation 
Sec. Twp. Ree - 
67 | Richardson.............+.. C SW SE 20 1N 16H 2,306 f 
68 Richardson TDDON One) Toner poh ea | < - aan Alluvium on Upper Pennsylvanian 
NW SE SE 20 1N 16E 2,266 ‘ 
NE NW NW 20 1N 16E < at as Alluvium on Lower Permian 
i CNW NE 29 IN 16E 2,343 | Alluvium on Lower Permian 
i ...| CSE NE 29 1N 16E 2,887 | Alluvium on Lower Permian 
i ...| C NE NE 30 1N 16E 2,632 | Alluvium on Lower Permian 
i .| C W line NE-SE 20 1N 16E Alluvium on Upper Permian 
i CS8wsw5 2N 13 E Pleistocene on Upper pene 
i NESE3 2N 15 E 2,473 | Pleistocene on Lower Permian 
i NENW 4 2N 16E 2,550 | Pleistocene on Lower Permian 
i NW SE 31 2N 165 2,595 | Pleistocene on Lower Permian 
i C SW SW 35 2N 165 2,503 | Pleistocene on Lower Permian 
i NE SE 19 3N 165 2,651 ‘| Pleistocene on Lower Permian 
82 I Richardson vases ses sen C NE SW 29 38N 16E 2,452 | Pleistocene on Upper Pennsylvanian 
83 Beno sae tie ncke C SE NW 29 3N 165 2,561 | Pleistocene on Lower Permian 
94 | Richardson, 6... . 0060.55. Es NW NW 31 3 x ° Z Genoa seacdihed ker rae 
23 uvium on Oligocene-White er Cre- 
85 Bootes Blut $9 Bean maseee NE 33 eum ont 
86 | Scotts Blufi..... 20.00.00 SE SE 35 23 N 58 W Alluvium on Disgoesnes Vite River Cre- 
ies! taceous-Pierre 
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the Hunton without coring. It is general 
practice to core the top of the producing 
formation and to cement 7-in. casing on 
top or a foot or two into the producing 
formation. The wells are then drilled in 
with a cable-tool machine and almost all 
of them are acid-treated, using from 500 to 
2000 gal. of acid per well. Some operators 
use, with considerable success, a butane 
treatment of 500 gal. introduced ahead of 
the acid. The acid is usually introduced 
under a hole full of oil load. Swabbing after 
acid treatment is the general practice. 
Many of the wells are pumped through 
2-in. or 3-in. tubing, although some casing 
pumps are in operation. One well in the 
field is cased through the producing forma- 
tion and gun-perforated, but this practice 
is not generally followed because of water 
difficulties. 

Only two wells in the producing area 
have tested formations lower than Hunton, 
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one having tested the Viola and the other 


the Arbuckle. Shows in the Viola have been 
found but no production has yet developed 
at that horizon. 

Twenty wells outside of the Falls City 


field were drilled in Richardson County, 16— 


of these being tests of the Hunton; one 
tested Viola, one tested Simpson, and the 
third Arbuckle. Production was found 
in two of these tests; i.e., the Indian Terri- 
tory Illuminating Oil Company’s Schaible- 
Kuttler No. 1 (NE.SW. sec. 29, T.3 N., 
R.16 E.) and the Uhri Oil Company’s 
Ogle No. 1 (SE.SE. sec. 9, T.1 N., R.14 
E.). Eleven wells were drilled in Nemaha 
County without securing production. One 


was a Pennsylvanian test, six were Hunton | 


tests, two were Viola and two were Ar- 


buckle. Two granite wells were drilled in 


Pawnee County and there was scattered 


drilling, but no official completions, over 


the rest of the state. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1940 


Initial Production 


Deepest Horizon Tested Drilled by per Day Oil, Remarks 
U.S. Bul. 
67 | Hunton Skelly Oil Co. 700 
68 | Hunton Skelly Oil Co. 618 She 
69 | Hunton Skelly Oil Co. 1,000 est. Producer 
70 | Hunton Kirk and Ross ? Producer 
71 | Hunton Midland Oil Co. 100 Producer 
72 | Hunton R. L. Campbell et al. 520 
73 | Silurian Skelly Oil Co. ae abandoned 
74 | Hunton ciSagich Rust et al. ed and abandoned 
75 Ohio Oil Co. Drilling 
S ah J. pe Palensky et al. Drilling 
unton 
78 | Hunton i. V. Jackson et al. Lome ph le | vs 
79 | Hunton ek Devel. Co. Dry and abandoned 
80 | Hunton E. V. Jackson and Carlock Dry and abandoned 
81 | Hunton I. T. I. 0. Co. Dry and abandoned 
2 oe i oe en Producer 
unton ere 
84 W. H. Martgan et al. Dain! abandons 
85 J. H. Sheaffer et. al. Drilling suspended 
86 Fairey Petroleum Co. Drilling suspended 
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Oil and Gas Development in New Mexico in 1940 


By A. ANDREAS* 


_ New Mexico established an annual 
record by producing 38,897,741 bbl. of oil 
during 1940. This was approximately 6 per 

cent greater than the 1939 production of 

36,746,840 bbl. The daily average produc- 

tion was 106,569 bbl. New Mexico retain- 

ed its position as the seventh oil-produc- 
ing state. 

_ The recommendations of the United 

States Bureau of Mines were followed by 
_the Oil Conservation Commission in setting 
the monthly state allowable. At the begin- 
ning of the year the average top allowable 

for each 4o-acre unit was 4o bbl. and at the 

close of the year it was 36 bbl. 

Remedial work by the operators has been 

extremely beneficial and satisfactory in 
reducing the gas-oil ratios in various fields. 
Gas formerly blown into the air is now 
being processed by numerous casinghead 
plants. The Oil Conservation Commission, 
with the full cooperation of the Proration 
Office and operators, has taken bottom-hole 
pressure surveys and has done considerable 
remedial work in various fields. 

__ Two new oil fields and one gas field were 
discovered in New Mexico during 1940. 
Numerous extensions to the existing fields 
were made. Some of these were definitely 
wildcats in the same townships designated 
as fields and some, although called ex- 
tensions, were more than 3 miles from 
production. 

Lea County continued, to be the largest 
oil-producing county in the state, with 
a production of 33,976,394 bbl. It had the 
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largest number of completions during 1940, 
with 303 oil wells, 9 gas wells and 13 dry 
holes—a total of 325 wells. 

Eddy County was the next most active 
county, with 239 completions, of which 163 
were oil wells, 8 gas wells and 68 dry holes. 
It produced 4,405,158 bbl. of oil during the 
year. 

The increased activity in Eddy County 
and the completion of a large number of 
producing oil wells have created a trans- 
portation problem that can be solved only 
by additional pipe-line facilities. During 
the year Eddy County was unable to pro- 
duce 1,500,000 bbl. of its allowable oil, 
because there was no pipe-line outlet. 

There were 601 wells completed in New 
Mexico in 1940, of which 478 were oil wells, 
22 gas wells and ror dry holes. This was a 
decline of approximately 9.5 per cent in 
the number of completions compared with 
1939, when 659 wells were drilled. 


SOUTHEASTERN NEW MeExico 


Lea County.—The largest producing field 
in Lea County was the Monument field, 
with 6,894,475 bbl.; followed by Eunice 
with 6,559,348 bbl. and Vacuum with 
4,743,065 bbl. The Hobbs pool, which for 
years was the largest producing field in the 
state of New Mexico, was fourth with 
3,790,477 bbl. The Vacuum pool was the 
most active area, having 68 completions, of 
which 67 were oil wells and one was a dry 
hole. Only one new field was discovered in 
Lea County during 1940; the discovery well 
was in the Caprock area, the Livermore 
State No. 1, in the SE. 14 SE. 14 sec. 30, 
T. 12S, R. 32 E. This well was drilled to a 
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362 OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1940 


TABLE 1.—Oil and Gas Production in New Mexico 


Area Proved, 2 4 
fer Total Oil Production, Bbl. 


Year 
of 
Field, County Dis- 
=. To End of | During 
ery - oO En 
8 Oil Gas? 1940 1940 
7, | 
a 
a | | 
a jos FS ee eee 
SAL eee ER? AoE oc 1938 3,6 1,880 1,592,005 1,065,147 | 
2 ebay ee Steins Rete ee ea ease 1923 | 6,320 160 4.447.955 157186 
pBloorficld; San PUG Ms deas ac te hates alee cattle lasassgcerctsts 1924 90 0 R i 
4 | Bar ec Bloomfield, Pee ee Boe wee eet aes 1986] 400 | 40 69.379 25580 
Bl . Ri 5 “ida Parr cb ahh ire MN PIA SAT AAR AREA tay) 9. R | 
4 Blanad. ae eng Reps heres AbD. 90 itty Berd aida chalets ec aieniae 1929 40 40 1,375y 46y 
7 Caprocks Lae sc cetre cate Se waciarecrsteiee crise, ties ele a oa MI cla tee 1940 40 0 0 0 
C hie: Chaves Sosa, ive iG ewes inte ah ale aie eeaatore eevee 1936 120 0 5,480y 3,930 
3 Ciswer Lea: ik ste: ooze beysholateecttel a/c atate evs seinlelelecmeceaie, ataisiate take 1929 4,160 160 12,061,034 1,151,957 
LO! Corbin, Teas Mem Seon ctine tre cect er veie Coleslaw sila asl olla Siren 1938 80 0 10,778 9,409 
11) Dayton eddy etter a soe tien eae ne eae ees 240 40 8,670 8,670 
12 sechsag x4 pada’ ohctaqeseagtasnh chajote miniile loth atacen tg uae e atyis cesala, «ecu gular 760 120 1,317,958 253,522 
13°} Buntosy Dea ese yeh 3c Se at ven a atelier letia aces 20,160 | 18,240 46,954,054 6,559, ~ 
14 H 4 0 500y 0 ; 
15 | Getty, Edd, 240 0 553,177 0 ; 
16 | Grand Plains, Chaves 40 0 500y 0 
17 6,200 120 8,739,357 1,742,360 } 
18 | Halfway, Lea 280 0 65,670 65,670 — 
19 | Hardy, Lea 5,000 200 3,151,730 1,097,853 
' 
20 daggaeaioae Eddy 280 160 8,744 7,844 
21 High Lon La arent ate,alycd Bavels els wysbate siabaiofe tal scarce’ autho a stoi arene 10,080 | 10,040 93,783,770 pr 476 
22 pasa Sia Hekate hae ek ae 160 0 | 2,025,429 4,503 
28:1 Toppaly, Mf OK they sone ote tce tesa tee dese ste caieta. aioe elo ivicdant 1927 160 0 190,582 163 781 
BE Sal, Lede Pode cic Gs Mean Ae RRO ATT he Cates eed oN ate acn Reem 1927 1,360y 520 6,100,449 164, 454 
2b KistesCamony Sava itis oe 0 anee ne asin ela xictehs tata ere tietorn ts eee 1927 0 2,520 0 0. 
260i) Danglis, Deal cedeahes ta tancers eto ent aie onc peek 1927 5,360 560 5,370,170 1,591,594 
2 7in TohOnar ds ily 2h. 2 Moc 0. ae eae oe ea aunts oie, Latics a wevletaohec 1929 1,800 400 1,016,879 288,445 
ASM LOGOUELLB GOI 2 cictatie ctotete aicimoravarey cifras slates Pore tac osthaiee x came 1939 5,760 80 2,252,337 1,921,467 
Poi Masnick: Len ose a.ih viet ated Mcticsstie «ui wires Oat ak alee haat 1929 440 0 5,888,711y 156,777 
SO NLU, Lease strates ato anton tien scion les Gaetan saa 1929 1,480 120 977,160 299,676 
SLI MGURINAD: LA cwcias pnsmivcth cei aie te valoan na mitotic canietes MRE 1926 | 3,680 0 2,157,728y 775,008 
G2! Matern Leaint steerer doe gtanituce vives sttcn ovede ueueROe 1936 | 6,040 360 4,688,498 1,686,735 
GHC MUag LOY Ts chiscon tease Sedeuie fockys sens decda. slew RAE sriaakvetae 1938 40 0 308 14 
PAW Monin dint, Laas, cats aod tottoercle olnam vie eidenle beak caitts « bivia Gee Uacalt 1934 | 19,760 | 16,080 38,837,354 6,894,475 
GO| INCE LiGTOM: LAME corde goats ets ralt witeictewa aieicisinis(elon we oiainra tala tera 1929 80 0 1,022,648y 10,596 
36 | North aljamar, De SOR Ps oe TEER a EY Pes om eee 1939 40 0 1,782 956 
Bik], £ ONFORD: LA. hereto bine tanta Mis sachs Gaban ota auk ios Pte 1935 | 7,380 | 5,120 5,727,509 1,578,647 
38 Rattlesnake, BOW TUG ora wbrteao,s Shoah Oath Man decker ten Soe a te 1924 640 0 4,420,783 104 
39 | Red Lake, Eddy ital DPISOI) cok cavclins aN wv, cauteeitacien SRE 1924 1,160y 680 331,272 76,875 
40 | Red Lake, Eddy (shallow Ps bib HI dane SE 1939 0 30,489 21,475 
41 Lp rig poe, MoR tile ¥3 Seiranets vo (icc Gideh nck cahcatlee tes 1933 4,650y 7 
AZ| RUOAOR; LOG: Victdts tarde aa Photinia th dat ane Mindeh bebe Joie eee 1928 880 400 253,447 57,540 
43 | Robinson, “Widy Ges uitdiass saith: apuesaon- + WivintNana num eeadied Wales eitale' ae Marae 1926 520 40 334,085 88,657 
1,080 0 262,881 166,262 
120 52,048 24,433 
3,200 2,440 2,149,418 589,000 
3,800 3,872,540 832,673 
1,440 40 657,266 478,269 
0 7,892 892 
100 0 538,157 3; 
0 640 0 0 
13,480 0 8,479,288 4,743,065 


400 0 152,604 91,206 
139,190y | 61,900y | 270,618,575y | 38,897,370 


6 Footnotes to column heads and explanation of symbols are given on page 256. 
1 Field abandoned during 1939, : aoe 
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Total i Oil-production é 
nt ieee Number of Oil and/or Gas Wells Methods, End Reservoir Pressure, 

eo of 1940 Lb. per Sq. In. 
% 
During 1940 End of 1940 Number of Wells 3 
s 
| Com- g 
- ,, | To End of During | pleted to Avg.at| O 
3 1940 1940 End of Ss =) ae Initial | End of 0 
g 1940 3 = 5) oo bo am 1940 o> 
< > So EO S| 4a oo 3 | 
- a ce ‘2 Awe = 3 J g S 2 
=o qg a ae ss) 8 E Ge 2 
A S 2 om to) Pe & >Re a 
a s) q |e & & = a a 
1 2,481 1,446 92 44 0 0 92 0 92 0 1,460 1,427 0 
2 1,793 65 180y 1 7] 0 169 0 0 169 y y 0 
3 0 0 30 0 6y y 10 0 0 10 x 0 0 
4 0 0 10 2 0 2 8 0 0 9 550 550 0 
5 0 0 2 0 2 0 0 0 0 0 x a 0 
6 261 34 1 0 0 0 0 12 1,200 1,000 0 
7 0 0 1 1 0 1 0 0 0 1 z z 0 
8 0 8 1 0 0 3 0 0 3 0 0 0 
9} 99,417 5,263 108 4 y 0 87 3 35 52 1,398 ao 0 
10 0 0 2 1 0 0 2 0 0 2 a z | 0 
il} 4 4 7 7 0 0 6 i 6 0 a z 0 
12 6,618 246 22 0 0 0 19 3 9 10 3 z 0 
13} 193,316 19,414 507 9 0 3 489 0 436 53 1,400 1,056 0 
= 14 217 48 3 2 0 0 0 3 576 576 0 
- 15 0 0 9 0 0 9 0 0 0 9 0 0 0 
16 0 0 1 0 0 1 0 0 0 1 x z 0 
17 8,739 1,742 164 29 0 0 163 1 128 35 z g 0 
18 x e i 5 1 0 6 0 2 4 zB z 0 
19} 11,796 4,093 125 10 0 0 120 0 101 19 1,400 1,320 0 
20 110 110 11 8 0 1 6 4 0 i Lz r 0 
~ 21) 199,836 4,710 266 0 0 0 263 0 234 29 1,550 1,189 0 
, 22 0 0 7 0 0 0 ff 0 7 0 2002 100 0 
23 0 0 13 7 0 0 13 0 0 13 z z 0 
24| 32,021 5,137 47 1 0 9 20 2 5 15 z zr 0 
25) 10,975 1,952 17 2 0 0 0 17 265 420 0 
26| 41,756 19,823 149 8 0 0 124 19 118 6 1,450 g 0 
27 610 173 55 22 y 2 45 8 33) 12 x z 0 
28] ~=—«1,851 1,153 149 76 y 7 140 2 123 24 950 737 0 
= 29 0 0 16 0 0 0 11 0 0 ll 1,295 0 0 
30) ~=—«5,249 2,902 40 6 0 0 27 6 21 Gime ladtoGo z 0 
31} + 15,000y 1,893 99 60 0 0 83 0 74 9 y y 0 
32} 21,090 9,961 168 19 0 0 150 8 136 14 1,400y z 0 
BR 0 0 1 0 0 1 0 0 0 1 0 0 
14,958 502 2 0 2 493 0 478 15 1,427 1,307 0 
3 2 0 0 0 2 0 0 2 0 0 0 
0 1 0 0 0 i 0 0 1 0 0 0 
8,425 187 24 0 0 186 0 166 20 z z 0 
0 78 4 5 3 41 0 0 44 z z 0 
30 46y 2 0 0 19 17 0 19 “ 2 0 
9 11 9 0 0 11 0 0 11 x x 0 
0 uf 0 0 0 6 0 0 6 0 0 0 
9,026 32 6 0 0 10 12 8 2 1,397 2 0 
35 14 2 0 0 13 1 0 13 x a 0 
68 27 13 y 3 0 i 10 #8 z 0 
55 3 0 0 0 0 2 % z 0 
3,466 89 21 0 0 4 18 1,420 1,326 0 
3,512 98 15 0 0 0 2 1,455 1,450 0 
48 461 220 37 3 0 0 1 3 1,670 1,500 0 
49 0 0 2 1 0 0 0 2 0 0 0 
“50 0 6 0 0 0 0 6 z m7 0 
51 6,469 887 A 3 ee 4 8 3 Pe fie be f 

if 2,876 68 : 
4 ‘ 44 0 9 5 0 0 9 0 0 9 1,300 1,220 0 
64] 854,917y 128,7392 3,834y 499 14y 44y | 3,405 116 | 2,691 741 


tie ey ied De? ae ANI 


~ 


2 Small amount of oil produced from this gas well. 


364 OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1940 


TABLE 1t.—(Continued) : 


Character of Producing Formation Deepest Zone Tested to End of 1940 


Oil 
Depth ry 
Avg. Ft ; 
: 2 Depth of 
Bla Name Ages | _ Sle |. Name Hole, Ft. 
a = ~ ra 3 o 
lee 8 al 8 8| 5 |B |g®lee| 5 ; 
A eee) 2° e| 2 |ee/secsl é 
© Sola 2 6/22 /s Ez 
4 |6#*=|2* Al & |e&S|s*la<| 
1 .001| San Andres Per D | Cav | 3,720] 3,800} 80 | A | San Andres Per 3,870 
2 39 5 ou? San Andres Per | LS 1,823) 2,005] | AM | San Andres Per 4,035 : 
3] 55 0.010} Farmington sand CreU | § z 750| 1,075] 25 | S| Lewis Shale CreU 2,665 : 
4] 20.5 10.001] Capitan Per L | Cav | 1,459) 1,466} 2 {| A_ | Capitan Per 1,953 : 
5} 39.5 |0.001] Delaware sand Per S] a | 2,406) 2,545} z | MF | Delaware Per 2,885 ' 
6] 54  |0.130] Mesa Verde and Pictured] CreU| S | a |4,250/4,550) 2x | H | Mesa Verde CreU 4,550 4 
Sie 4,385 PB 
7| 36 0.001) San Andres Pe | § 3,025] 3,052} 10 | A | San Andres Per { 3052 } 
8} 28.5 |0.001| San Andres Per S x 1,283 ML | Capitan Per 1,400 i 
9} 29 0.001} White lime Per D | Cav | 3,542) 3,608 A | Lower San Andres Per | 5,095 ne 
10| 30.5 |0.001| White lime and sand Per |LS| 2 | 4,258] 4,319 A | San Andres Per rest rae 
11} 36 0.001] San Andres Per LS} Fis | 1,022}1,105) 29 | A | San Andres Per 2,545 H 
12} 28.5 {0.002} Permian sand Per 8 az |8,175|3,300/100 | A | San Andres Per 3,542 
13] 35.1 |0.002| White lime Per_| D | Cay | 3,800) 3,882) 82 | A | San Andres Per 4,404 ' 
14 Pictured Cliffs CreU| S x | 1,700) 1,740} 40 | H | Pictured Cliffs CreU 1,989 : 
15] 24 0.001) Capitan Per LS ry |1,365/1,380) 15 | A | Permian 6,683 
16] 34 0.001} San Andres Per NS] xz |1,000}/1,018} 18 | A | San Andres Per 1,018 > 
T7137. 0.001 His 3 sand and White | Per LS | Cav | 3,779] 3,827) 48 | A | San Andres Per 4,383 ; 
ime i 
18} 28.6 |0.001} White lime Per L | Cav | 2,590] 2,629} 39 | A | San Andres Per 4,005 
19} 32.5 |0.002 ea 3 sand and White| Per | SD] Cav | 3,710) 3,763) 53 | A | San Andres Per 3,872 
ime 
20} 36.2 |0.003] San Andres Per | LS| 2 _ | 2,500) 2,542} 42 | A | San Andres Per 3,744 
21) 35.4 |0.001) White lime Per D | Cav | 4,050} 4,174)123 | A | San Andres Per 4,500 ; 
22) 60 0.001} Dakota sand CreU | S z 705) 714 D_ | McElmo CreL 1,225 : 
23} 29.7 |0.025) Hospah sand CreU | § a | 1,640] 1,651) 11 | DF | Dakota CreU 3,282 
24| 36 0.002} White lime Per D | Cav | 3,303) 3,334] 31 | A | San Andres Per 4,125 
25] “0 Pictured Cliffs CreU | § | 2 | 1,840] 1:900| 60} H | Mesa Verde CreU 4400 
26] 28 0.001} Permian sand Per 8 az |3,350)3,530) z | A | San Andres Per 4,385 
27| 28.5 10.001 Seuss sand and White | Per 8 a |2,779|2,860} z {| A | San Andres Per 3,591 : 
ime 
28} 35 0.001} Permian sand Per 8 a | 2,415) 2,900} 2 | A | San Andres Per 3,860 
29) 30 0.001] White lime Per D. | Cav | 3,760) 3,777) 17 | A | San Andres Per 4,046 
30} 33 0.001 say sand and White | Per D | Cav | 3,550) 3,797] 2 | A | San Andres Per 5,095 
ime 
31] 32 0.001} White lime Per L a |3,990)4,109} 2 | A | San Andres Per 4,390 
32] 32 0.001) Permian sand Per 8 x ,500| 3,559] 59 | A | San Andres Per 4,200 
33] 29 0.001) Carlsbad Per 8 a | 1,150} 1,180} 30 | A | San Andres Per 3,305 4 
34] 35 0.001} White lime Per D | Cav | 3,829] 3,939) 90 | A | San Andres Per 4,534 
35] 30 0.001) White lime Per D | Cav |3,760]3,777| 17 | A | San Andres Per 4,046 
36] 31 0.001} White lime Per D a |3,875)4,015} 75 | A | San Andres Per 4,097 
87| 34 0.001] Permian sand Per s z | 3,550) 3,667; 90 | A | San Andres Per 4,705 
38] 60 0.001) Dakota CreU | S x 784} 808) 24 | AF | Ignacio quartzite Cam | 7,397 
39] 29 0.001] Carlsbad ; Per | S | 2 | 1,904) 1,930) 26 | A | San Andres Per 2,905 
40] 29 0.001) San Andres Permian Per L 2 476} 503) 27y} A | San Andres Per 2,905 
41] 42 0.001) Mesa Verde CreU | S$ x 438] 457) 13 | AF | Mesa Verde CreU 640 
42] 33 0.001) Permian sand Te Eee 8 z |3,050/3,3875| «| A | San Andres Per 4,115 
43] 31 0.001 — sand and White | Per 8 z {38,919} 4,009} 80 | A | San Andres Per 4,359 
ime 
44) 33 — |0.001) Permian sand Per | S| a |8,454/3,775| 2 | A | San Andres Per 4,340 
45} 30 |0.001) White lime Per | L | 2 | 3,800) 3,860} 0 | A | San Andres Per 4,757 
46} 32.5 |0.001/ Permian sand Per 8 z | 3,525) 3,663} 2 {| A | San Andres Per 4,052 
47) 29.5 |0.001) White lime Per D | Cav | 3,775| 3,845} a | A | San Andres Per 6,202 
48] 33 0.001) White lime Per L z | 4,730} 5,112} a} A | San Andres Per 5,302 
49} 33.5 |0.001} White lime Per L x | 4,120) 4,152; 2 {| A | San Andres Per 4,383 
50] 56.5 |0.001} Dakota sand CreU | 8 z |1,825) 1,837} 7} A | Chinlee-TriU 3,010 
51 0 Dakota. CreU | § x | 2,285] 2,850} 60 | D | Dakota Sand CreU 2,350 
52] 35.5 |0.001) White lime Per | D | Cav | 4,418] 4,684/200y} A | San Andres Per 5,329 
oH 31 0.001} White lime Per L az |8,793| 3,847; a2 | A | San Andres Per 4,695 
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total depth of 4385 ft. and plugged back to 
3052 ft. It is pumping 16 bbl. of oil and 9 
bbl. of water per day. The oil is 36° gravity 
and the producing horizon is in the San 
Andres formation of Permian age. The well 
is now shut in because of lack of pipe-line 
facilities. The area is 25 miles north of the 
nearest production, which is in the North 
~Maljamar area. 

Eddy County.—Loco Hills continued to 
be the most active area, with 91 comple- 
tions, 74 oil wells, 2 gas wells and 15 dry 
holes; also, it was the largest producing 
field in Eddy County, with a production of 
1,921,467 bbl. 

_ The second new oil field discovered in 
“New Mexico during the year was the dis- 
covery well of the Dayton area, Eddy 
County, drilled by Martin Yates, Jr. This 
well was the McCall No. 1, in SW. % 
SW. 4 sec. 26, T. 18 S, R. 26 E. It was 
completed at a total depth of 1033 ft. Top 
of the pay was encountered at 1022 ft. ina 
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sandy lime of the San Andres formation of 
Permian age. The initial production of this 
flowing well was 100 bbl. daily. The area 
is 4 miles southwest of the western edge of 
the old Artesia pool. 

Chaves County.—The first new field dis- 
covered in New Mexico during the year was 
a gas field in Chaves County. This well was 
drilled by Harvey Yates in NE. 14 NW. 14 
sec. 24, T. 15S, R. 28 E. It was drilled to a 
total depth of 3285 ft. and plugged back to 
1500 ft. This well was completed in Feb- 
ruary for an 800,000-cu. ft. gas well, the 
producing horizon being in the San Andres 
formation of Permian age. This area in 
Chaves County is 6 miles north of the High 
Lonesome pool. 

The Comanche field, in T. 11 S, R. 26 E, 
Chaves County, produced 3930 bbl., which 
was transported by trucks to local re- 
fineries. Some wildcatting was done but 
results were disappointing. 


TABLE 2.—Summary of Drilling Operations in New Mexico 


Important Wildcats Drilled in 1940 


Location 
Total Surface 
County opt: Formation 
Rge. 
1 25 EB 1,409 Tertiary 
2 28 E { at 00 \ Tertiary 
3 29E 3,830 Tertiary 
4 24 i 2,552 Tertiary 
5 28 E 2,605 Tertiary 
6 29 E 2,652 Tertiary 
7 29E 2,852 Tertiary 
8 30 E 8,744 Tertiary 
9 30 E 3,082 Tertiary 
10 24E 1,282 Tertiary 
11 29 E 2,563 Tertiary 
12 23 E 1,740 Tertiary 
3 26E 1,033 Tertiary 
14 30 B 3.421 Tertiary 
45 26 E 625 Tertiary 
16 27 817 Tertiary 
17 25 E 1,740 Tertiary 
18 26 E 1,808 Tertiary 
32E | {pp giog} | Terti 

19 PB 3,052 EU, 
9 37 E 6,300 Tertiary 
4 34 E 3,861 | Tertiary 
A 38 E 4,710 Tertiary 
a 37 E 4,500 Tertiary 

a 1W 2,373 Cretaceous 
3 12E 1,822 Permian 
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NORTHWESTERN NEw Mexico 


There was not much drilling in the north- 
western part of the state during the year. 
Several wells were drilled on the Rattle- 
snake structure, one being the Continental 
Oil Company’s Rattlesnake No. 100, drilled 
to a total depth of 7397 ft., which was 
completed Jan. 23, 1940. The Pennsyl- 
vanian section, from 6724-6732 ft., showed 
about 100 bbl. of oil and 400 bbl. of water. 
The deepest horizon encountered by this 
test was believed to have been the Ignacio 
quartzite of Cambrian age. 

Two more gas wells were drilled in the 
Fulcher Basin field, T. 29 N, R. 12 W. Gas 
from the field is connected by pipe line to 


TABLE 2.—(Continued) 
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OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1940 


the Kutz Canon gas field, which supplies 
gas for Albuquerque, Santa Fe, and inter- 
mediate points. 

The Atlantic Refining Co. did consider- 
able seismograph work in the Blanco- 
Bloomfield area but as yet has drilled no 
tests. 

A test well drilled by the Continental- 
Hughes Oil Co. on the Dulce dome, 
T. 31 N., R. 1 W., was a disappointment. 
The objective horizon, the Dakota sand- 
stone, encountered water at 2340 ft. The 
total depth of this well was 2373 feet. 

San Juan County produced 247,728 bbl. 
and McKinley County produced 164, 53 
bbl., from the Hospah dome, making a 


Important Wildcats Drilled in 1940 
Initial Production Pressure, Lb. : 
per Day Choke per Sq. In. 
Deepest or Bean, Remarks 
Horizon Drilled by Fractions (Note Dry Holes Here) — 
Tested Oil, Gas, of an Inch Z : 
U.8. Bbl. ae Casing | Tubing ; 
1} San Andres-Perm.| T. S. Stanfield Dry hole 
2 | San Andres-Perm.} Harvey Yates et al. Gas well (aban. 194 
3 | San Andres-Perm.} Sam Sand: : Dry rie : 
4} San Andres-Perm. Dry hole 
5 | San Andres-Perm.| C. L. T: Dry hole 
6 | San Andres-Perm. 7] Ex. H. L. area 
7 | San Andres-Perm. Ex. H. L. area ; 
8 | San Andres-Perm. Ex. H. L. area 
9 | San Andres-Perm.} Etz Brothers et al. Ex. H. L. area 
10 | San Andres-Perm.| Artesia Drilling Co. Dry hole 
11 | San Andres-Perm.| Mac T. Anderson Open 2” 7] Discovery N. Leonard 
12 | San Andres-Perm.}| May Weathers Dry hole 
13 | San Andres-Perm.] Martin Yates Jr. et al. Open 2’ y Discovery Dayton. 
14 | San Andres-Perm.| J. W. Elliott Dry hole 
15 | San Andres-Perm.| Knox & Featherstone Dry hole 
16 | San Andres-Perm.] A. E. Frazier Show of oil Dry hole 
17 | Delaware-Perm. 1200 ft. | Sulphur water in hole . Dry hole 
18 | San Andres-Perm. Dry hole 
19 | San Andres-Perm.| Geo. P. Livermore 16 BO + 9 BWPD-pump Discovery Caprock 
20 | Delaware-Perm. | Ventura Oil Co. Dry hole 
21 | San Andres-Perm.]} The Texas Macpngt Hole full salt water Dry hole 
22 | San Andres-Perm.| Stanley Weiner et al. Dry hole 
23 | San Andres-Perm.| Gulf Oi ad ean Dry hole 
24 | Dakota-Cre. Continental-Hughes Show of gas Dry hole 
25 | Magdalena-Penn.} Keith-McCune Dry hole 
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total of 412,259 bbl. produced in the San 
Juan Basin area. 
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Petroleum and Natural Gas in New York in 1940 


By C. A. HartNacEL* 


THE production of petroleum in New 
York in 1940, totaling 4,999,000 bbl., was 
only slightly under the amount produced 
in each of the previous three years. The 
year 1040 started auspiciously with a 
posted price on Jan. 1 of $2.75 a barrel. 
Four price reductions, beginning in May, 
resulted in August in a low of $1.85 a 
barrel, after which two increases brought 
the year’s closing price to $2.15 a barrel. 
The favorable crude price at the beginning 
of the year stimulated an increased drilling 
program, especially in the water-flooding 
districts. In the Allegany County region, 
which accounts for about two-thirds of the 
state’s oil production, 886 wells, including 
water-intake wells, were drilled; 200 more 
than in the preceding year. During the 
closing months of the year there was a 
marked decline in the number of wells 
drilled. 

The unfavorable position in which the 
industry found itself before midsummer 
was due largely to the loss of export mar- 
kets for its high-grade lubricants, constitut- 
ing approximately 25 per cent of its 
business. As a result of this situation, runs 
to refineries were curtailed as much as 30 
per cent at the middle of the year. Improve- 
ment in market conditions toward the end 
of the year found the stocks of available 
crude at an almost record low. 


DEEP DRILLING 


With the gradual exhaustion of some of 
the important natural and flood-oil-produc- 
ing areas of the Allegany and Bradford 
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pools, overproduction will not be a serious 5 
problem in the future. The possibility of f 
finding new territory or deeper producing ; 
sands has been further lessened by the> 
drilling of additional deep wells for gas ini 
and about the present oil fields. Many of f 
these wells drilled to the Oriskany sand-- 
stone were over 4000 ft. deep and have? 
tested the entire thickness of the Devonian } 
formation, the upper 2000 ft. of which 
contain all the important oil-producing 
strata in the state. H 


W ATER-FLOODING ; 


It is thus evident that the problem of the i 
New York oil producers is not one of find- - 
ing new supplies but of obtaining as much | 
oil as possible from the old developed fields ; 
that during the 60 years of their life have : 
produced 130,000,000 bbl. of oil. Although | 
a few floods were in operation before 1919, , 
when the production of oil by flooding was ; 
made legal, the output for that year: 
amounted to only 851,000 bbl. From 1919 ) 
on there has been an almost constant ; 
increase, which during the past four years 
has averaged well above 5,000,000 bbl. 
annually. During the last 22 years, which 
constitutes the period of important flooding 
operations, 65,337,000 bbl. of oil have been 
produced in the state. Careful estimate 
indicate that between one-third and one- 
half of the oil fields are being flooded or are 
already watered out. Some of the flooded 
and watered-out areas include territory 
with unusually thick sands, which were 
highly productive during the early history 
of the fields. From a recent study of opera: 
tions in the New York oil fields, it is esti 
mated that about 65,000,000 bbl. of oil . 


y 


, 


TABLE 1.—Oriskany Wells Completed in New York State in 1940 
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—————————— a eee ee eee 


bd. | a ¢ 
a age Soe, | 4 
County and Township Name of Well ‘8 oes Drilled by A 3 eZ Remarks 
© a avo a 
S . Gro q metre) re 
ge | Boa ‘aa fa 
Lamal 
Allegany County: f 
DeweAM ero 2 3 dwin Frances M. Barney | 1,636] 2,922 Hanley & Bird 300 
oe Nillen rs. <.. . ©. Hoyt I,585| 2,900 | Higgins et al. Dry hole 
So Alien cies, 30. George Bentley 1,737| 3,020 | Lawrence Gas Co.| 2,875 
Ae Aeterna. + Roy Phipps 1,707} 3,029 | Higgins et al. Sa Wie 
ioe) NICS oes Ae ee Margaret Kellogg | 1,730] 3,010 | Hanley & Bird 8,000 | 1,060 
6. Almond..... E. Lorello 1,534 i Penn York No sand 
3,423! 4 
7. Andover....| Frank Dean ? Belmont Q. D. Co. Bbeedoned at 
927 ft. 
8. Andover. ...} Michael Lynch > Empire Gy & F&F: Abandoned at 
Oo. 25 ft. 
9. Andover. ...} Augustus Lynch 2,274| 5,001 | G. L. Cabot S. W. 
to. Andover. ...| John Patten 2,219] 4,890 | Penn York Ss. W 
rz. Andover....} H. G. Clark 1,978] 4,691 | Belmont 4,500 | 1,930] Also S. W. 
r2. Andover. . Bice Crandall | 2,264] 4,877 | Empire G.& F.Co.| 8,000 | 1,660 
ont 
13. Independence] Albert McLean 2,226| 4,942 | Empire G.& F.Co. S. W. 
14. Independence| Forsythe Estate 2,256] 5,032 | Penn York Ss. W. 
15. Independence] Sam Crandall No. 1 | 2,285] 4,912 | Empire G.& F.Co.| 1,500 | 1,500 os 4917 fio 
ew wild, 44 
mm. 
16. Independence] C. A. Wilson 1,965} 4,612 | Empire G.& F.Co.| 16,000 | 1,820 
17. Independence} Hazel Atwood 2,292] 4,919 | Empire G.& F.Co.| 6,500 | 1,600 
18. Independence] Sam Crandall No. 2 | 2,213] 5,058 | Empire G. & F. Co. Ss. W. 
19. Independence] Livermore No. 2 2,049} 4,845 | Belmont Q. D. Co. Ss. W. 
20. Independence} Robert Clark No. 2] 2,181| 4,880 | Belmont Q. D. Co. Ss. W. 
21. Independence} Jay Nye 1,948] 4,610 | Empire G.& F.Co.| 8,000 | 1,770 
22 ardignes E. S. Hayes 2,161] 4,456 | Clancy et al. ea for 2,000 
Se VAT Cr, crete ats Maud Hayes No. 2 | 2,214] 4,500 eee, a ae on ¢ Ss. W. 
ge yening 2: Be Bo NG We ota | Cummachans Gh cee 
: hal staeeeeyey ; : F 
ae. Willing eae Hilligas No. 4 2,218] 4,005 | Belmont Q. D. Co. poles 1,120 oe ee eae 
5 b} abandon 
ae WALLIN te aces Fortner No. 3 2,268] 5,005 | Cunningham Ss. Ww. 
2 Sea VVillini gees ass Pat Luden 2,262] 4,956 | Cunningham 12,000 oes 
initial produc- 
tion, 84,625 M 
Steuben Count ‘ 
29. Contins AEA SS Horton Alger 1,790| 3,745 oe Glass Dry hole 
Bowel wide. cere. Ellen Collins I,718| 3,802 | G. L. Cabot Pate 
tal depth 
: 6,825 ft 
t. Greenwood..| Mary Burger 1,871| 4,560 | Hanley & Bird Ss. Ww. 
a Greenwood. .} State Land No. 2 | 2,349] 4,831 eee rae Co.| 5,500 405 atau 
33. Greenwood. .| Stanley Murray 2,313} 4,870 ee = Se rages 
34. Greenwood. .| Charles Fisher 2,228] 4,804 Han a 0 - . ae 
35. Hartsville...) Ashbaugh 2,045} 4,406 a aes - D. Co. cael 
36. Hornellsville | Sarah Hemphill 1,984] 3,986 New am eee 
37. Howard... Jennie Freeborn I,865| 3,660 ees nore 5 Ot 
38. Howard..... Earl House I,703] 3,394 e1derbac e Se e 
30.) Jasper... s+ Myra Wallace 1,770| 4,238 | Sylvania 8 aes 
40. Troupsburg. | Everett Dearman | 1,616 4,872 poe Po Oo. - ate ry hole 
41. West Union.| Clara W, Johnson | 2,105] 5,075 ee oe reales 
42. West Union.| Sarah Nixon 2,207| 5,010 enn F | 2,04 Pe as 
initial produc- 
tion 13,580 M 
eS aa ...| Consolidated Brick | 1,002] 2,849 | Belmont Q. D.Co.| 1,500 | 1,505 
Co. 
i : ; ,091 | Belmont Q. D. Co. Dry hole 
48 Elma. 2.:| Ct Updegrat’ "| 838] 2.701 |. 8. Undeera’ "| 130 
46. Elmira...... Ben Barcus No. 1 , he ec sm 1,000 Pe ee 
gp er enti al aes ae 3\171 | Belmont Q. D. Co. Dry hole 
A8. Veteran.:... G. W. Woo 147 ; Cae ace 
initial produc- 
tion 2,630 M 


TE SS 


37° 


PETROLEUM AND NATURAL GAS IN NEW YORK IN 1940 


TABLE 1.—(Continued) 


g on 
County and Township Name of Well 2 #8 

o 

B | Be 

=< | 2O 

[eat A 


Tompkins County 


49. Caroline..... DeForest Head 
BOs IGTOvON A ss C. Westfall 
Sle, GPrOvons:. cue Thomas Caslin 
82, Groton. ccm < Bert Noble 
53. Newfield....] E. S. Van Kirk 


Sand, Ft. 


be. | a d 
age | 
Drilled by AR 3 ine Remarks 
VO | 4? 
= oo oo 
= 
Act a a 
Leiderbach et al. Dry hole 
Dry hole 
Abd. at 880’ 
No sand 


Tompkins Co- 
initial produc- 
tion 


Total initial Oriskany production, 100,910 M 


will be recovered by present flooding 
methods. With more favorable prices for 
oil, which may result as the main fields 
become exhausted, it is quite possible that 
oil obtained from the thinner sands may 
raise the total to 100,000,000 barrels. 


NATURAL GAS 


Drilling for natural gas was active in the 
Oriskany area along the Pennsylvania 
border in 1940. Fifty wells were drilled to 
the Oriskany sandstone, of which 20 were 
listed as producers. Total daily initial 
capacity of the wells amounted to 100,910 
M cu. ft. In 15 of the producers the daily 
capacity ranged between 1,000,000 and 
16,000,000. One well on the Sam Crandall 
farm, in Allegany County, blew wild for a 
period of three weeks. It had an estimated 
daily capacity of 44,000,000 cu. ft. When 
brought under control, the daily volume 
was reported as 1,500,000, the production 
for this well shown in the state total: 

Nearly all of the wells drilled in 1940 
were in search of new production, but it is 
evident that a still wider search will be 
necessary if a volume of production at all 
comparable with that of the past few years 
is to be maintained. While the outlook is 
not cheerful, discoveries of new supplies 
lend some encouragement for continued 
operations. Of the 50 wells drilled to the 
Oriskany in 1940, only six were put down in 


old established fields—five in the Beech 
Hill field, Allegany County, and one in the 
Greenwood field, Steuben County. Four of 
the five Beech Hill wells, all of which were 
in Willing township, proved to be pro- 
ducers, with a combined initial capacity of 
28,950 M cu. ft. of gas daily. This repre- 
sents but 10 per cent less than the initial 
production from the Beech Hill field in 
1939, and about one-third its initial pro- 
duction for 1938, the discovery year. In 
the old Greenwood field, which has had no 
new production since 1937, one well, the 
State Land No. 2, came in with 5500 M 
cu. ft. of gas. In the remaining Oriskany 
territory, wildcat drilling prevailed. 

In line with the Beech Hill pool to the 
southwest and the State Land well in 
Greenwood to the northeast, new produc- 
tion has been found this year to the amount 
of 40,000 M cu. ft. in Independence and 
Andover townships. It should be observed 
that the combined initial production for 
the year along what might be termed this 
Beech Hill-Independence-Andover-Green- 
wood axis totals 75,450 M cu. ft. of gas, or 
more than three-fourths the entire initial 
Oriskany production for the year. 

The remaining 25,460 M cu. ft. of new 
gas, or one-fourth the total initial Oriskany 
production, was produced by one well in 
the southwestern part of Andover town- 
ship, Allegany County, three wells in Allen 
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township, Allegany County, two wells in 
West Union township, Steuben County, 
with some smaller flows in Elmira town- 
ship, Chemung County, and in Groton 
township, Tompkins County. 


New Pree Line 


To augment the diminishing supply of 
Oriskany gas available for consumption 
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in New York state, a new 117-mile 8-in. 
pipe line was completed during the year. 
This line, mostly in Pennsylvania, will 
connect with lines leading from the gas 
fields of West Virginia. The New York 
terminus is near the city of Olean, where 
the line will connect with the terminus of 
the Home Gas Co. (old New York Transit) 
lines that cross the southern tier of counties. 


Oil and Gas Development in Ohio in 1940 


By Kenneto CorrincHam,* MremBeER A.I.M.E. 


THE number of wells completed in Ohio 
during 1940 was about 20 per cent more 
than during the preceding year, the com- 
parative totals being 1020 and 1228. Of 
the 1940 completions, 327 were oil wells, 
491 gas wells, and 410 dry. The completions 
for the past five years, divided into oil wells, 
gas wells, and dry holes, are shown in 
Table 2. Wells drilled deeper and input 
wells in water-flood areas are not included 
in the tabulation. 

The annual production of oil has de- 
creased steadily in Ohio from the maxi- 
mum of 23,941,000 bbl. produced in 1896. 
Table 3 shows the quantities of oil pro- 
duced in the last five years. In 1940, the 
total was 3,052,000 bbl., produced by about 
25,500 wells. The number of wells and the 
approximate quantities by grades are 
shown in Table tr. 


TABLE 1.—Tabulation by Grade 


Number 
Grade Be Wells Barrels 
Penney lvanipivlen sian suctarayse 12,800 1,198,000 
Lima, PES ces RRL ae aca, arias 7,900 325,000 
Corning necessaries 3,730 1,159,000 
RAM Gc ae cs cate oe wiles 1,040 359,000 
Glevelands oi6.nit-s0 aus att 30 11,000 
LOGE LA ddsrev en Tien nie 25,500 3,052,000 


The prices paid for Ohio crude oil in 
1940, together with dates of changes in 
posting, are shown in Table 4. 

The production of natural gas in Ohio 
has declined from a maximum of 79,510,032 
M cu. ft. in r915 to 36,460,000 M cu. ft. in 
1939, the most recent year for which a 
figure is available. Consumption reached 
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its peak in Ohio in the year 1916, when 
it was 169,480,011 M cu. ft., declining to 
114,720,000 M cu. ft. in 1939. The produc- 
tion and consumption of natural gas in 
Ohio for the past five years are shown in 
Table s. 


TABLE 2.—Completions in Ohio during Past 
Five Years of 


Number of Wells Drilled 
during Year 


Year 


Table 6 shows the number of oil wells 
and the number of gas wells completed by 
sands during 1940, with the average initial 
production per well for each sand. 

Table 7 shows the total number of wells 
drilled—oil, gas and dry—by sands. 


DEVELOPMENT DURING 1940 


Sub-Trenton.—For several years, con- 
siderable interest has been shown in a 
horizon lying some 500 to 700 ft. below the 
top of the Trenton, known to the driller 
in western Ohio as the ‘‘green sand,” and 
in eastern Ohio as the St. Peter. In 1930, 
ten “green sand’ tests were drilled, all in 
western Ohio and all dry. In 1940, eight 
wells were drilled to this horizon, one of 
which was a small oil well (one barrel) in 
Allen County. Of the remaining seven—all 
of which were dry—one in Franklin 
County, in central Ohio, was drilled to a 
depth of 2903 ft. Another was in Medina 
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County, in northern Ohio, reaching a depth 
of 5071 ft. The others were drilled in Clin- 
ton, Greene, Putnam, Union, and Allen 
Counties. 


TABLE 3.—Annual Oil Production during 
Past Five Years 


o 


having a reported initial production of 160 
bbl. per day from a depth of 3280 feet. 

The greatest Clinton gas activity con- 
tinued to be the pool in Licking County, 
TABLE 5.—WNatural Gas in Ohio during 

Five-year Period 
THOUSANDS CuBIC FEET 

ee eet 


Production, | Number of | Average per Annual Annual 
i - + 
Yea Bbl. Oil Wells Well, Bbl. Year Production Consumption 
1936 3,791,000 30,150 126 1935 49,592,000 105,896,000 
1937 3,654,000 28,122 130 1936 46,994,000 121,381,000 
1938 3,358,000 26,880 125 1937 42,783,000 125,133,000 
1939 3,144,000 25,680 Teo 1938 35,257,000 108,013,000 
1940 3,052,000 25,500 120 1939 36,469,000 I14,720,000 


Trenton.—The Trenton is the producing 
formation of the old Lima-Findlay area in 
northwestern Ohio, and has been pre- 
dominantly an oil-bearing formation. For 
the past few years the number of Trenton 
completions has been diminishing, there 
being a total of 75 Trenton completions 
in 1937; 34 in 1938; 28 in 1939, and 18 in 
1940. All of those drilled in 1940 were in 
northwestern Ohio, of which eight were 


small oil wells, three were gas wells and 


seven were dry. 
TaBLE 4.—Prices of Crude Oil in Ohio 
during 1940 


Penn- 
Date of Change} syl- ae “| Lima ae Lodi 
vania 
January f....-. $2.30 |$1.12%$0.90%|$r.007/$0.954 
Marchr cet 4. 1.00 
i (gyn © fa 2.05 
NUNES Eo oreiie chaue 1.80 
Jrtlys B2 hawt. 6 i. 55 
August 28..... I.40 
November 12..} 1.55 
December 17..] 1.70 


4 No change from end of preceding year. 


Clinton.—The completions in the Clinton 
sand in 1940 exceeded those of 1939 by 
about 34 per cent. The most noteworthy 
oil extension in the Clinton sand during 
the year under review was in Clayton 
township, Perry County. This pool was 
opened in 1936, but the greatest develop- 
ment occurred in 1940. The Clinton lies 
at a depth varying from 3300 to 3400 ft. 
The outstanding oil well for 1940 was 
completed in sec. 16, Clayton township, 


northeast of the city of Newark. The 
discovery well’ was drilled in December 
1938 and the extent of the producing area 
was fairly well determined by 10939. In 
Licking County, 125 wells (including dry 
holes) were drilled in 1939. In 1940 the total 
number of completions for the county was 
159, of which 117 were Clinton tests. 


TABLE 6.—Number of Producing Wells 
Drilled during 1940, and Average Initial 
Production per Well 


Oil Wells Gas Wells 
Average 
Average one 
see Number| Initial | Number eae 
of Wells |per Well,| of Wells PY; Gy 
Bbl. wus 
Ft. 
Shallow. ..... 75 ioe 92 325.2 
Berean ston sc 184 7.8 125 104.8 
Ohio Shale... fo) 18 83.2 
Oriskany.... (9) 3 134.0 
Newburg 2 20.0 21 977.0 
Chntonsee. 57 A4.4 229 066.7 
Trenton... 8 11.8 3 201.0 
Sub-Trenton. I I.0 () 
Totalet. « 327 ie ip 491 581.9 


The largest gas well drilled in Ohio in 
1940 was in sec. 5, Butler township, Knox 
County; it had an initial open flow of 
12,000,000 cu. ft. and an initial rock pres- 
sure of 935 lb. The production was from the 
Clinton sand, at a depth of 2792 ft. Pro- 
duction was first discovered in this town- 
ship several years ago. Another large gas 
well was completed in sec. 4, Wayne town- 
ship, Muskingum County, producing from 
the Clinton at 3800 ft. and having an initial 
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open flow of 9,220,000 cu. ft. and an initial 
rock pressure of 518 lb. Two large Clinton 
gas wells were drilled in secs. 15 and 
16, Brush Creek township, Muskingum 
County. The larger, in sec. 16, had an initial 
open flow of 6,520,000 cu. ft. and an initial 
rock pressure of 1050 lb. The well in sec. 15 
had an initial open flow of 5,220,000 cu. ft. 
and an initial rock pressure of 1150 lb. The 
depth of the wells was approximately 4200 
feet. 


TABLE 7.—Wells Completed in Ohio in 
1940, by Sands 


Sana Oil Gas Dry 


Wells | Wells | Holes | 1°tal 

Shallow foie. 75 92 93 260 
Betetecince. sec os 184 125 153 462 
Ohio Shale....... to) 18 2 20 
Oriskany tic. fos.33 te) 3 2 5 
Newburg......... 2 21 5 28 
Clintonscig ok is: 57 229 141 427 
Trenton ts aan 8 3 7 18 
Sub-Trenton..... c re) ™ 8 

Dotal Kicks ses 327 491 410 1,228 


Deep Wells—The deepest well drilled 
during 1940 was in sec. 23, Center town- 
ship, Noble County, finding the Clinton 
sand (dry) at a depth of 5620 to 5680 ft., 
and reaching a total depth of 5800 ft. 
Although it was not completed until 1941, a 
deeper well was drilled to the Clinton in 
sec. 19, Smith township, Belmont County. 
This test, also dry, went to a depth of 7887 
feet. 


OTHER DEVELOPMENT 


Late in 1939, a growing interest in basin 
geology spread from Illinois to the area 
east of the Cincinnati arch in Ohio. Several 
of the larger oil companies have done con- 
siderable geophysical work in eastern and 
northeastern Ohio. Although at the present 
time the few wells reported as located by 
geophysical investigation have not been 
successful, the method should not be 
condemned until more is known as to the 
peculiarities of reflection and velocities 
affecting the method in Ohio. 

During the year 1939, the water-flooding 
of oil sands was made legal in Ohio. Most 
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TABLE 8.—Combpletions in Ohio in 1940, 
by Counties 


Oil Gas Dry A 
County Wells | Wells | Holes Total 

Alletich.scarite I I y, 
Ashland) oc oh ax: 4 5 6 15 
Ashtabula... /.:? I I 
Athens oc.5 ca tacts 13 57 a5 105 
Aviolaizes tase ten I I 
Belmonts. 20 252% 2 I 3 
Carroll ase teatiane I 2 3 
Clinton .o57 i220. = I I 
Columbiana...... I I 
Coshocton....... 8 3 4 15 
Cuyahoga. hice I 8 3 12 
Mairfield’.<\. fucks I 10 12 23 
Praskling <c55. I I 
Gallia cates 7 I 8 
Geauga. oi... 60.5 I I 
Greene.......... I I 
Guernsey........ 5 22 15 42 
Hancock ico... =: I i 
i I 2 3 
2 2 
4 9 
16 II 27 
5 5 
6 5 II 
5 25 16 46 
I I 
II 2 13 
30 90 39 159 
13 15 24 EY} 

4 
121 16 49 186 
I 19 10 30 
14 19 24 57 
Morgan i7aifsa.e 6 10 15 31 
Muskingum...... 4 27 10 41 
Nobles «2.2 ite 21 30 24 75 
Perry ic cence 36 15 15 66 
Putnam. . I 2 3 
Richland. jf itonv I I 
Seneca. i bas. 47 I I 2 4 
Stark! ecencms < I 17 8 20 
Sunimit wastes 6 3 9 
Tuscarawas...... 17 12 20 
Uniden kin. tugs I I 
Van Wert 3 3 6 
Vintonics Beioncit « 2 I 3 
Washington...... 22 29 26 77 
Wate teiaue cane 2 9 II 
Willlama,®.... o. 0a. I I 
Wood I I 
I 2 


of this type of secondary recovery has been 


done in Chatham township, Medina 
County. Because the undertaking is rela- 
tively recent, a report on the method can- 
not be included here. 
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Oil and Gas Development in Oklahoma in 1940 


By THomas BRownFIELD* 


DEVELOPMENT and production activity 
in Oklahoma during the year 1940 was 
of routine nature. Production, according 
to the Corporation Commission’s figures, 
averaged 409,100 bbl. daily as compared 
with 421,000 bbl. for the year 1930. Dis- 
coveries were of minor importance except 
for the Cumberland pool in Marshall and 
Bryan Counties, in the southern part of 
the state. Maintenance of a relatively 


_ stable producing rate is attributable to the 


drilling of new wells and the recompletion 
of many old wells in the previously estab- 
lished producing areas. 

During the year 1785 new wells were 
drilled, a decline of approximately 10 per 
cent as compared with the previous year. 
Of the wells drilled, 962 were oil wells with 
a combined initial production of 241,000 
bbl. daily, 172 were gas wells having 
aggregate capacities of 1205 million cu. ft., 
and. 651 were dry holes. Wildcat activity 
increased 20 per cent over 1939 and 227 
such wells were completed during the year; 
that is, 43 oil wells, 16 gas wells, and 168 
dry holes. 

In addition to the new work completed, 
603 wells were recorded as having been 
drilled deeper or plugged back to test new 
horizons; included were 334 producing wells 
with total initial production of 65,000 bbl. 
daily, 37 gas wells with initial aggregating 
305 million cu. ft., and 232 abandonments. 

Footage drilled amounted to 4,730,000 
ft., an average of 2650 ft. per well as com- 
pared with an average depth of 2600 ft. 
recorded the previous year. 


Manuscript received at the office of the Institute 


March 18, 1941. 
* Carter Oil Co., Tulsa, Okla. 


375 


The principal new pools discovered as a 
result of the exploratory drilling were 
Cumberland; East Cromwell, in Okfuskee 
County, and Prague, in Lincoln County. At 
the end of the year Cumberland had 13 
completed wells, which averaged 700 bbl. 
initial through tubing from the Simpson 
Bromide formation (Ordovician) at 4750 
ft. East Cromwell had 1o wells with 
average initial of 435 bbl. in the Cromwell 
sand (Pennsylvanian) at 3460 ft. Prague 
had 11 wells with an initial average of 220 
bbl. from the Senora sand (Pennsylvanian) 
at 3260 ft. 

There were notable extensions to the 
Dill pool, Okfuskee County, and to the 
Hewitt pool, Carter County. At the end 
of the year, 19 producing wells had been 
drilled in the former, with initials averaging 
1000 bbl., and 63 wells averaging 150 bbl. 
daily in the latter. 

There were no notable changes in the 
policy of State conservation authorities 
with respect to proration. The Bureau of 
Mines recommendations for the year aver- 
aged 413,000 bbl. daily; the State author- 
ities fixed allowables at an average of 
406,000 bbl. daily, while, as noted above, 
production averaged 409,100 barrels. 

The most important development in the » 
older areas occurred in the following pools: 

Billings —Seven oil wells with an aver- 
age initial production of 2500 bbl. and two 
dry holes were completed during the year. 
Production from the Simpson horizon 
averaged 6025 bbl. daily as compared with 
5950 the previous year. Production from 
this field has been almost steady since 
reaching its peak early in 1937. The major 
portion of the pool is efficiently operated as 
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TABLE 1.—Oil Production in Oklahoma 


Total 


OIL AND GAS DEVELOPMENT IN OKLAHOMA IN I940 


» Footnotes to column heads and explanation of symbols are given on page 256. 
1 Individual pool figures not available. Aggregate of all pools followed by superior figure 1 carried in,one amount at end of the district. 


G Oil-produc- 
Area Proved, | Production, Bbl Peodes: Number of Oil and/or M bre 
gigas Total Oil Production, “1 tion, Gas Wells Eada 
Millions 1940 
Cu. Ft. 
aa Year of Dur-| End of | Number of 
Field, County Discovery ing} 1940 Wells 
1940 
5 ; i During) 23 
3 Oil | Gas? |To End of 1940] During 1940 g| == 
5 1940 3 = 3 Peps a a 
Zz Ze | 3 | ducing| ¢ 3 
g ca} 8 | 1 eee 
4 Sha his & | a4: 
CENTRAL OKLAHOMA 
1) Avery, Lincoln............. 1939 120 3,291 3,291 4 3 4 4 
2} Chandler, Lincoln. ........- 1924 1,255 11,658,132 319,152 50 50 
3| Davenport, Lincoln......... 1924 2,335 11,807,058 165,798 222 117 117 
4| Davenport, West, Lincoln....| 1940 40 : 5,344 2 2 210y¥ y 
5} Gessman, Lincoln........... 1934 160 363,105 23,424 10 10 
6) Hoyt; Lincala. 8 oo eg ote 1935 265 1,251,499 80,886 14 10 10 
7| Kendrick, Lincoln.......... 1940 20 24,402 24,402 1 1 1 
8} Laffoon, Lincoln............ 1932 470 1,675,367 248,880 19 9 11 11 
9} Lincreek, Lincoln........... 1932 275 215,912 17,934 9 9 
10] Payson, Lincoln............ 1940 20 2,005 2,005 1 1 li] iy y 
11) Peck, Lincoln............++ 1926 160 394,919 53,436 3 3 
12] Perkins, Lincoln............ 1940 60 105,982 105,982 1 3] y 7] 
13| Sac & Fox, Lincoln......... 1924-37 y 2,678,747 703,452 6 140} y y 
14| Skellyville, Lincoln......... 1925 630 1,741,115 35,136 1 13 13 
15] Sporn, Lincoln............. 1936 200 582,217 78,690 10 6 6 
16| Stroud, Lincoln............. 1923 590 8,761,456 134,688 69 29 29 
17| North Wellston, Lincoln..... 1936 480 1,299,354 120,780 22 22 
18] Wilzetta, Lincoln........... 1934 80 951,608 179,340 14 1 11 ll 
19] Wilzetta, South, Lincoln.....| 1936 220 140,593 20,496 4 4 
20] Miscellaneous, Lincoln. ..... yi 15,006 4l oy y 
21| Cleveland, Pawnee.......... 1904 4,255 39,990,515 155,550 262 262 
22| Greenup, Pawnee........... 1926 yt 0 Abandoned 
23) Hallett, Pawnee............ 1922 1,665 y 21,228 44 44 
24) Jennings, Pawnee........... 1916 1,375 3,892,297 96,990 80 80 
25| Keystone, Pawnee.......... 1919 5,565 2,357,729 150,792 2 228 228 
26| Lauderdale, Pawnee......... 1915 4,300 13,132,190 293,532 198 198 
27| Maramec, Pawnee.......... 1920 1,990 2,786,422 157,380 93 93 
28| Masham, Pawnee........... 1924 290 yt 8,052 5 5 
29| Ralston, Pawnee............ 1924 205 yi 5,124 2 2 
30) Skedee, Pawnee............. 1926 160 y) 8,052 4 4 
31] Terlton, Pawnee............ 1912 980 871,216 20,496 14 14 
32) Terlton, North, Pawnee... .. 1917 2,010 3,092,672 79,056 76 76 
33} Watchorn, Pawnee.......... 1922 530 7,387,620 139,812 2 17 17 
34] Miscellaneous, Pawnee...... 1918 280 yt 12,810 ig ‘y 
35| Broyles, Payne............. 1918-39 170 qi 45,750 ip 7 
36| Broyles, East, Payne........ 1940 60 30,361 30,361 3 3 
87|:\Coyle, Paynes Acasa tn. «au 1938 988 1,061,815 651,846 33| 9 33 | y y 
88) Gate Paynes. stokevirss eek 1920 1,135 2,335,810 139,080 34 34 
89] Ingalls, Payne.............. 5,982,719 130,662, 35 
40) March, Payne.............. 36,234 25 
41| March, North, Payne....... 8 
42| Mehan, Payne.............. 3 
43} New Cushing, Payne........ 2 
44] Norfolk, Payne............. 13 
45| Norfolk, West, Payne....... y 23 
46] Orlando, Payne............. 941,302 1 
47| Ramsey, Payne............. 3,393,219 y y 
48] Ripley, Payne.............. yi i 5 
49| Ripley, North, Payne....... 353,591 27,816 2 


Reser- 
voir Char- 
Pres- acter F Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
4 
A= 
s 
g Depth, Avg. Ft 
& ay Pp 4 
3 | Initial] & ns N z 2 
nitial) = |Ai-s ame ox = = Name 
E 5 SE g isl 3 ers & wit 
z 4\Br8 3 ne z ree a= y oH 
© a Se o a Fd @ Aye sy H wb S Ad 
8 |e 2 APet eee tees Use kg ee 
a a |S = Solo Ss ae ee hes am 
1 Prue Pen 
2 8 Various Pen, Ord 8,L | Por 3,250 5,020 A 
3 43 Various Pen S| Por 2,600 3,580 50 ML 
4 46 Prue Pen 
5 44 Cleveland Pen S| Por y y 
6 40 1st. Wilcox Ord S | Por y 5,100 y 
if 48 Prue Pen 
8 21 Wilcox Ord 8 Por 4,190 4,275 A | Wilcox 
9 46 Wilcox Ord S| Por y y 
10 y Lower Skinner Pen 
11 23 2nd Wilcox Ord 
12 46 Hunton Sil 
13 46 Prue Pen 8 
14 41 Various Pen, Sil, 8,L 
Cam-Ord 
15 46 Simpson Ord s 4,500 4,600 y 
16 41 Various Pen, Ord 8S ly 4,240 4,290 50 Wilcox 4,520 
17 40 Wilcox Ord Ny) 4 
18 40 Hunton, Viola Sil-Dev, Ord 
19 40 Hunton, Viola Sil-Dev, Ord 
20 y Prue, Wilcox Pen, Ord 8 
21 36 Various Pen, Cam- 8, L | Por 1,300 2,400 
Ord 
22 
23 38 Various Pen, Ord 
24 38 Various Feu Ms, 8,L ly y y 
25 38 Various Eee Mis, 8,L 1,100 1,970 
26 37 Various ie Ces §,L 1,185 3,000 
27 38 Various Pen 2,400 3,200 
28 39 Various Pen, Mis, §,L 
Ord 
29 39 Various Pen, Ord 
30 40 Bartlesville, Bur- | Pen S 
gess, Skinner 
31 38 Various Pen, Ord 
32 38 Various Pen, Ord 
33 41 Various on Mis, §,L | Por y y 
34 37 Bartlesville, Wilcox | Pen, Ord 8 
3D 40 Bartlesville, Viola, | Pen, Ord §,L 
Wilcox 
36 36 
37 46 Wilcox, Hunton Ord, Sil 8,L iy y y y 
38 38 Various Mis, §,L 
39 36 Various ae 8, 3,115 3,760 
40 38 Various Pen, Ord 
41 43 | Wilcox Ord. 8 
42 42 Various Pen, Mis, 
Sil-Dev, 
Ord 
43 38 Various Pen, Ord 
44 38 Bartlesville, Wilcox | Pen, Ord S 
45 38 Bartlesville, Wilcox | Pen, Ord $ 
46 41 Misener Mis 8 
47 43 1st Wilcox Ord § 4,768 4,795 27 
48 43 Various Pen, Ord §,L 
49 43 Wilcox Ord S| Por y y y y 
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TABLE 1.—(Continued) 


ite Oil-produc- 
. tion 
Area Proved, + . Produc-|Number of Oil and/or 
ee Total Oil Production, Bbl. tion, Gas Wells seh 
Millions 1940 
Cu. Ft. 
Field, County Year of Dur-| End of | Number of 
Discovery B |} 1940 Wells 
1940 
g Oil | Gast |To End of1940|During 1940] During] $3 | _ 
E a 3 dented = a 
2 a : , & 
g ee|& | |e) es 
3 SFiS =| SR 
50| Stillwater, Payne........... 1935 130 507,890 13,176 6 3 3 
51| Stillwater, West, Payne...... 1940 40 53,619 53,619 2 
52| Yale-Quay, Payne.......... 1914 4,095 21,555,827 538,386 172 172 
53] Miscellaneous, Payne........ 1926 160 y 9,516 4 4 
54| Aggregate for district of 
pools marked!........ 7,855,955 1,893 
55} Total Central Oklahoma. . 161,244,875 | 6,748,222 
East CenTRAL OKLAHOMA 
56] Hoffman, MeIntosh......... 1917 300 Ee 2,562 7 7 
57| Beland, Muskogee........... 1906 390 Ee 18,666 16 16 
58| Boyle, Muskogee............ 1927 230 yi 22,692 15 15 
59] Boynton, Muskogee......... 1914 2,740 zi 19,398 41 41 
60] Butler, Muskogee........... 1918 1,500 zl 34,404 67 67 
61] Cole, Muskogee......... uxt | S014 780 zi 7,686 17 17 
62| Council Hill, Muskogee 1919 335 z 40,992 26 26 
63] Haskell, Muskogee.......... 1909 1,750 zi 36,234 81 81 
64| Jolly-Patton, Muskogee...... 1920 260 yt 365 202 20 
65] Link, Muskogee.............] 1909 715 a 47,214 32 32 
66] Muskogee, Muskogee........ 1904 3,760 x 54,168 148 148 
67| Muskogee, North, Muskogee.| 1906 290 zl 365 252 25 
68] Robinson, Muskogee. . we LOLS 280 x1} None 2 2 
69| Sheppard, Muskogee........| 1917 140 x 3,660 1 1 
70) Sommerville, Muskogee...... 1926 y| Abandoned 
71| Transcontinental, Muskogee..| 1918 215 zi 3,294 8 8 
72) Yahola, Muskogee.......... 1914 680 zl 4,026 19 19 
73| Miscellaneous, Muskogee. ... a 8,784 17 17 
74| Baltimore, North, Okfuskee..| 1922 525 y 2,928 3 3 
75| Bearden, Okfuskee.... 1924 y| Abandoned 
76| Beidleman, Okfuskee 1930 100 255,708 12,810 6 6 
77| Blakely, Okfuskee 1924 110 831,887 11,712 4 4 
78] Carey, Okfuskee.... 1923 485 1,074,007 31,476 11 ll 
79| Clearview, Okfuskee watt @1987 240 y 30,744 10 10 
80] Deaner, Okfuskee........... 1920 1,460 y 108,336 90 90 
81] Fields, Okfuskee...... 1918 460 zi 15,738 17 17 
82| Gregory, Okfuskee... . 1922 160 yi 22,326 ll ll 
83] Gypsy Hill, Okfuskee... 1910 1,608 a 24,522 20 20 
84] Haydenville, Okfuskee 1939 240 50,948 20,496 4 4 
85] Josey, Okfuskee..... 1923 525) 10 y 68,076 26 26 
86) Keaton, Okfuskee..... 1919 210 x! None 2 
87) Lyons-Quinn, Okfuske: 1921 1,645 y 49,776 24 24 
88] Mason, Okfuskee.. . 1940 20 3,730 3,730 Ted 1} y 
89| Micawber, Okfuskee 1923 160 y 4,758 1 1 
90) Morgan, Okfuskee.. 340 y 3,660 2 2 
91 820 136,884 8 52 52 
50 53,614 ,614 5} Ob 5] y y 
20 12,146 12,146 NE ate | 1| y 
60 96,134 21,960 5 5 
80 zi 8,784 3 3 
900 a 43,554 20 20 
1,815 zi 215,940 13 72 72 
54,952 4,026 | . 3 3 
Weleetka, West, 140 471,525 248,880 13 12 12 
100} Miscellaneous, Okfuskee. 1927 160 zt 17,202 3] y 
101] Aztec, Okmulgee... 1917 2,140 x 27,816 69 69 
102] Bald Hill, Okmulgee 1908 | 25,095 a 441,762 827 827 
103| Beets—Rapp, ulgee..... 1920 one Abd 


2 No production last 10 months of 1940. 


; 
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acter ; : Deepest Zone 
sure, of Producing Formation Tested to End of 
‘Lb per Oil 1940 
Sa. In 
ia] 
Ss 
I 
g Depth, Avg. Ft 
£/Rz apie 
Initial] & as Name 3 g 
|< : Z - x" 3 Nels: 5 Name ss 
alm - a ~ > 3 2 os i q Sm 
2 \s s ° 2 a gg. | 2 3 
& ERS é s a Ae Sy Sey | ay 4 
E |E3< & SS BS if eee ite: & eg 
40 Wilcox Ord 8 Por 4,300 4,306 A | Wilcox 4,306 
41 | Hunton Sil : ce 
38 Bartlesville, | Pen, Ord §,L 2,670 3,580 
Oswego, Wilcox 
y ist and 2nd Wilcox | Ord 
35 Wilcox Ord S 
35 ist and 2nd Dutcher! Pen iS} 
38 Dutcher Pen S 
35 Mississippi Mis L 
32 Unidentified sand 
35 Unidentified sand 
38 Various Pen 
34 Tucker Pen 
43 Muskogee, Timber- 
Ridge 
36 Dutcher, Booch Pen 
38 Unidentified sand, | Ord § 1,052 1,790 F 
Wilcox 
35 Wilcox Ord s 
39 Muskogee 
39 Unidentified sand 
y 
39 Booch Pen Sy} 
39 Booch, Boynton Pen 
38 Leidecher, Dutcher,} Pen, Ord 
Wilcox 
38 Dutcher, 1st and | Pen, Ord 
2nd Wilcox 
y 
38 Wilcox Ord § 
39 Unidentified sand 
32 Various Pen 
38 Wilcox Ord s 
38 Deaner, Lyons, Pen, Ord 8 2,800 3,650 
Wilcox 
43 Deaner, Wilcox Pen, Ord § 
39 Various Pen, Ord 
33 Youngtown, Pen, Ord § 2,430 3,290 
Dutcher, Wilcox 
36 Dutcher, Wilcox | Pen, Ord § : 
40 Wilcox rd § 3,600 3,650 50- D | Wilcox 3,700 
39 Dutcher, Quin Pen 
39 Lyons Pen 
61 Hunton Sil 
36 Wheeler, Dutcher | Pen 
37 Dutcher Pen 
30 Gilcrease, Cromwell} Pen 
36 Lower Cromwell Pen 
42 Hunton ~* Sil 
39 Wilcox, Dutcher Ord, Pen 
36 Prue Pen § 
42 Wilcox Ord 
39 Gilcrease Pen 8 2,530 2,660 30 
39 L. Gilcrease Pen § 
36 Booch Pen 8 
36 Various Pen, Ord 
38 Booch, Wilcox Pen, Ord 8 
30 | Glenn Pen 8 750 2,250 
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G Oil-produe- 
. tion 
Area Proved,! Total Oil Production, Bbi. |Produe-/Number of Oil and/or] wiethods, 
Millions ery 
Cu. Ft 
pace Year of Dur-| End of | Number of 
Field, County Dacsicaey ing + a 2 Se 7" t) 
1940 
os : . During | 2& 
Ss Oil | Gas® |To End of 1940) During 1940 1940 a 
g 3A 3 Pro- = 
aS 2S | & |ducing} F | 3 
2 gg | & | oie | = | Se 
a é8| 8 E | 2 
104 Beggs, North, Okmulgee..... 1909 zw 31,476 40 40 
105] Beggs, South, Okmulgee... . 1911 4,455 zi 83,814 57 57 
106] Brinton, Okmulgee. 1914 545 x 8,418 17 17 
107} Coalton, Okmulgee... 1907 2,040 al 28,182 88 88 
108] Edna, East, Okmulgee 1919 150 al 2,562 2 2 
109] Eram, Okmulgee............ 1921 600 yp 5,124 15 15 
110} Hamilton Switch, Okmulgee. 1909 2,570 zl 34,770 82 82 
111] Hector, Okmulgee........... 1914 645 a 1,464 11 11 
112| Henryetta, Okmulgee........ 1910 785 zi 11,712 47 47 
113} Montezuma, Okmulgee. . 1918 220 zi 5,490 4 4 
114] Morris, Okmulgee....... 1907 7,300 zi 141,642 271 271 
115] Natura District, Okmulgee...| 1914 1,750 zi 17,934 42 42 
116] Nuyaka, South, Okmulgee...| 1937 105 423,942 57,828 7 7 
117| Oklahoma Central, Okmulgee} 1921 545 yi 24,156 9 9 
118} Okmulgee District, Okmulgee} 1906 5,020 a 64,050 155 155 
119] Phillipsville, Okmulgee....... 1920 580 yl 11,346 8 8 
120] Pine, Okmulgee............. 1915 815 zl 6,954 26 26 
121] Pollyanna, Okmulgee........| 1921 3,975 y) 138,348 234 234 
122] Schulter, Okmulgee.......... 1907 455 zl 6,954 15 15 
123] Simmons-Black, Okmulgee...| 1920 455 y 51,972 13 13 
124] Spencer, Okmulgee.......... 1917 790 z 12,444 33 33 
125] Summers, Okmulgee......... 1914 290 zl 3,294 14 14 
126] Tiger Flats, Okmulgee....... 1928 1,045 y 1,830 6 
127} Youngstown, Okmulgee...... 1915 2,235 zl 41,724 48 
128] Miscellaneous, Okmulgee..... 1920 605 zi 24,888 15 
129] Airport, Tulea............. 1937 330 135,766 6,954 54 
130] Alsuma, Tulsa............. 1916 850 x 4,392 8 
181] Bird Creek, Tulsa.......... 1906 | 17,910 zi 455,670 1,815 
1821 Bixby, Tulags, oo oje0cs nace. 1916 1,860 al 65,880 79 
133] Broken Arrow District, Tulsa} 1901 3,665 wl 38,064 84 
134] Bruner Vern Tulsa......... 1923 y 45,384 56 
185] Collinsville, Tulsa.......... 1916 4,392 12 
186] Dawson, Tulea............+ 1906 765 13,176 63 
187) Fisher, Tulsa... ...000.ss00¢ 5,490 7 
ASS] Ferlcsy 0 leg Sarco, sete wisiar> 94,062 352 
139] Leonard, Tulsa............. 20,496 36 
140] Owasso, Tulsa............4. 8,784 24 
141) Perryman, T'ulsa........... 1924 345 1,830 li 
142] Red Fork, Tulsa............ 1901 4,390 27,450 89 
143] Sand Springs, Tulsa......... 1916 625 46,116 49 
TAA! DulsayDulea vic osaracrnse wears 1901 910 1,098 7 
145] Turkey Mountain, T'ulsa....} 1922 1,115 22,326 49 


Purley eT iwdeaey cs ov cekine 
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Pres- acter 2 . Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In 
s 
q 
So 
+3 
& bal Depth, Avg. Ft. 
§ |*8 
i=! a 
S& | Initial) 3 |64-3 Name a = FS Name 
E a 3 Be | Sl ee Sh ees mare 
Zz @ (2.8 3s\/2/ dg; | a= | 3 ae 
2 BBs © % a |e} ee | 22 | SP) e a3 
| |e be Sere been ee ee" |S ae 
104 38 Youngstown, Pen, Ord 
Wilcox 
105 37 Various Pen, Mis, 
Ord 
106 37 Wilcox Ord s 
107 30 Booch, Wilcox Pen, Ord S 1,300 2,835 
108 30 Unidentified sand 
109 40 Wilcox Ord 5 
110 29 Dutcher, Glenn, Pen, Ord N] 1,385 2,700 
Wilcox 
111 37 Various Pen, Mis, 8,L 
Ord 
112 38 Various Pen, Sil-Dev,| 5S, L 
i. Cam-Ord 
113 38 Unidentified sand 
114 36 Various ae Mis, §,L 1,600 2,450 
115 30 Various Pen, Mis, 
Ord 
116 43 Wilcox Ord § 
117 32 Wilcox Ord s 
118 30 Various , Mis, s 1,240 2,750 
119 45 Wilcox Ord Ss 
120 35 Booch, Dutcher Pen iS) 
121 34 Various oo Cam- §,L 1,365 2,285 
122 36 Glenn, Deaner, Pen, Ord 
cox 
123 36 Salt, Booch Pen 
124 33 Various Pen, Mis, 
Cam-Ord 
125 38 Dutcher Pen 8 
126 37 Various Pen, Ord 
127 31 Youngstown Pen 8 
128 40 Dutcher, Booch, Pen, Ord 8 
Wilcox 
129 38 Bartlesville Pen 8 
130 35 Burgess Pen $ 
131 31 Bartlesville, Pen, Ord iN) 1,110 1,345 
Wilcox 
132 32 Various Pen, Ord §,L 
133 37 Various Pen, Mis, §,L 1,350 1,500 
Cam-Ord 
134 37 Various Pen-Cam- 
Ord 
135 33 Various Pen, Mis §, L 
136 36 Tucker, Bartlesville | Pen iS) 
137 34 Oswego, Tyner, Pen, Ord, 
Arbuckle Cam-Ord 
138 36 Various Pen, Mis, §,L 
Cam-Ord 
139 35 Various Pen, Mis, §,L 
Cam-Ord 
140 Various Pen, Cam- 
Ord 
141 Unidentified sand 
142 Various ru Cam- 599 2,160 
143 Various Pen, Cam- 
Ord 
144 Various Pen, Mis, 
Ord 
145 Various 
146 Bartlesville, Bur- 1,260 1,945 
gess, Siliceous 
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Total onaeeane 
Area Proved, Total Oil Production, Bbl mee Number of Oil and/or irc 
Acres o Sata La Gas Wells End of. 
Cu. Ft. 
Field, County Year of Dur End of | Number of 
Discovery Ing | 1940 Wells 
1940 
B Oil | Gas? |To End of 1940| During 1940] During) 23 
2 1940 | 32 | 3 | Pro e 
Zz 33 2 ducing | 2 | -8 
2 ge | g | Ol | € | Se 
| oF 13S & | ar 
147 Wicoy; Tulsa: cteeeuots once 1915 2,200 zi 57,462 119 119 
148] Bilby, Wagoner............ 1918 150 zi 23,058 15 15 
149] Corine, Wagoner............ 1919 190 zi 2,928 9 9 
150} Coweta, Wagoner........... 1914 720 a 17,202 46 46 
151] George, Wagoner........... 1918 270 a 28,914 31 31 
152] Gillette, Wagoner........... 1924 65 y} 1,830 9 9 
153] Goble, Wagoner............ 1916 325) a 10,614 20 20 
154| Johnson-Bailey, Wagoner....| 1920 80 y) 1,098 3 3 
155| McCracken, Wagoner....... 1920 90 y} 2,928 18 18 
156] Oak Grove, Wagoner........ 1920 145 y 1,098 2 24 
157| O. K. Pool, Wagoner........ 1919 80 zi None 9 9 : 
158] Oneta, Wagoner............ 1916 695 x 38,064 61 61 2 
159} Seltzer, Wagoner............ 1924 65 y 2,562 17 17 
160] Stone Bluff, Wagoner........ 1915 1,065 a 118,218 178 178 @ 
161| Striker, Wagoner........... 1917 z!| Abandoned ; 
162| Wagoner, Wagoner.......... 1914 460 zl 3,294 42 42 
163| Wagoner, South, Wagoner...| 1939 80 4,020 1,830 2 a 
164] Webster, Wagoner.......... 1917 60 zi 4,026 ll ll 
165} Wright, Wagoner........... y 80 y None 3 3 
166] Miscellaneous, Wagoner..... 1920 170 yt 1,464 7 ‘6 


167} Aggregate for district of 
pools marked!.......... 301,357,954 6,988 
168] Total East Central Okla- 
HOMA.A eenc nace: 304,826,333 | 4,078,286 


East CENTRAL 
(Crunk County) 


ABDI Arnotetverccensiaes ceurcus.: 1923 210 y 59,292 17 17 
170| Arno, Westwonseks titers + 1940 20 15,326 15,326 eer 1} oy 

Tia hBig Pond s.coe coset 1924 470 y 118,950 36 36 
172 Bowdetl carleda.e tn cnet: 1906 | 3,495 z}| 129,198 236 236 
178) Biiatowrnseeeawna.t veces 1916 | 5,225 x} 361,974 27 141 141 


174} Bristow, North.............] 1922 1,700 y 124,806 104 104 


175] Bristow, West.............. 1922 565 y! 50,142 20 20 
LTB DUUGe. Cured wacenek va lees 1926 515 y 39,894 1 39 39 
177| Bruce, Hast................] - 1989 100 yt 10,614 8 8 
1781 Contin: songs, meet ok 1912 | 24,940 356,114,270 | 3,339,750 3,668 3] 1,819 1,819 
179] Doep Forkwi.v.s.5. casesocs 1920 3,345 y 27,734 160 160 
ARON Depewtaves haiake,cteas oe 1915 y x 312,930 81 81 
TSR Dorn ethgys ite acceeacte.onte 1924 730 1 129,564 38 38 
IRS Mena hrc eadaoiwia lh vice do, 1940 80 25,412 , 4 4 
183) GlenniPools.. Gustheschiedeos 1905 | 15,970 219,274,070 | 1,244,034 1,780 1,780 
184] Independent............... 1908 1,320 al 84,180 1 44 4 
185] Tron Post Hie cars s's.ceees class 1917 925, a 31,476 59 59 
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Deepest Zone 


eee. 


of Producing Formation Tested to End of 
Oil 1940 
i. Soe, 
Ss 
Gus. 
& |=2 
he Lari - 
2 2 ae a = i Name 
3 Br % s 3 E os ‘> aa z£ 
Zz 4 |Bis 3s | Bos am | 8 Git 
® & ERS Fy a oy wy 3 as 
a a 18S ue & = Sip +2 > 3 Bao 
3 2 \52 Silas aX | 3< | & ar 
147 Various 1,950 
148 Burgess, Dutcher 
149 Unidentified sand 
150 Various 
C: 
151 36 | Dutcher Pen s 
152 38 | Tyner Ord 
153 37 Dutcher Pen S 
154 33 | Unidentified sand 
155 43 Tyner Ord 
156 33 Pitkin, Burgen Pen, Ord 
157 36 Dutcher, Tyner, Pen, Ord 
Burgen 
158 38 | Mississippi, Pen, Mis, SL 1,000 1,200 
Dutcher, Tyner Ord 
159 37 Dutcher Pen iS] 
160 36 Various Pen, Mis, 1,840 2,275 
‘am-Or 
161 “ 
162 35 Peru, Ordovician | Pen, Ord 
163 35 Pennsylvanian 
164 33 Burgen Ord 
165 39 Pitkin Pen L 
166 32 ‘| Unidentified sand & 
lime 
167 
168 
169 36 Simpson- Wilcox Ord 
170 40 Prue Pen 
171 32 Jones, Glenn, Pen, Ord iS) 
Dutcher, Wilcox 
172 32 Taneha Pen 
173 35 Layton, Ft. Scott, | Pen, Mis, _ | 8, L 2,700 3,200 
Oswego, Red Fork,} Ord 
Bartlesville, 
Dutcher, Miss., 
Wilcox 
174 35 Bartlesville, Lay- | Pen, Mis, SL 
ton, Ft. Scott,| Ord 
Oswego, Red Fork, 
Dutcher, Miss., 
Wilcox 
175 35 | Dutcher Pen 3,152 | 3,155 
176 85 Dutcher, Layton, | Pen, Mis, 
Ft. Scott, Oswego, | Ord 
Red Fork, Bartles- 
ville, Miss., Wilcox 
177 y | Layton } Pen 
178 38 Numerous horizons | Pen, Ord SL | Por z AF 
179 42 Prue, Layton, Pen 
Dutcher, Peru 
180 32 Glenn, Dutcher, Pen, Ord § 2,700 3,397 
| Wilcox 
181 37 | Dutcher, 1st Wilcox] Pen, Ord 
182 36 ilcox Ord 
183 34 Glenn, Wilcox Ar-| Pen, Ord 
buckle, etc. ; 
184 35 Taneha- Wilcox Pen, Ord 8 2,100 2,550 
185 36 Wheeler, Prue Pen iS] 2,420 2,475 
Cleveland f 
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TABLE 1.—(Continued) 
~~ Oil-produc- 
tion 
Area Proved, . : Produc- shored of Oil and/or 
st ace Total Oil Production, Bbl. wit Gas Wells Meio 
ions 
Cu. Ft a 
. 1 Year of Dur- End of | Number of 
Field, County Discovery ing | “1940 Wells 
1940 
i s . 7 Ss S Nai 
Oil | Gas? |To End of 1940|During 1940 | During) = = 
5 1040321 3 | po | | 5 
S Ze} & | ducing] ¢ | -s 
a ae: a Oile —E G40 
z &s| 8 é| £5 
3 Of js & } ee 
186) Kellyvilles.of0cc- cscs s 1934 3,600 y 240,462 0 204 204 
187| Mannford (Deep-Shallow)... Hoe 4,650 y 402,966 266 266 
188] Mercer a,c nectee seems oe 1923 80 275,240 8,052 3 3 
LS0) Monnda 2255 bes <= keayes 1915 1,580 zi 87,474 51 51 
AQ NewbDVceesec et coneoees 1929 80 y 6,588 6 6 
POL COMBA. Cece terete peste 1921 340 y 26,718 19 19 
1921 Olivesa. soccer bine. our iver 1914 2,235 Fo 191,784 205 205 
193} Olive, South............:.. 1940 20 569 569 1 1 1 1 
194] Pickett-Prairie............. 1916 1,820 al 14,274 1 60 60 
195] Poor Warm. coe. oar 1920 340 yt 25,986 13 13 
TOG Red: Bankshe fcc. e ce sais 1918 370 wl 25,620 8 8 
107|'Sapulpayaessescec. «sce: 1909 1,790 zl 72,102 17 103 103 
198] Sapulpa, South 1910 2,570 a 70,638 74 74 
100 | Pluckiaee te tet arena. eae 1913 6,585 zi 420,534 174 174 
200) Stroud, Bast......c¢:...25.- 1940 40 16,017 16,017 2 2 
201) Tibbenss isjoc esata: 1924 430 y 27,084 38 38 
202] Tibbens, North............. 1940 20 6,203 6,208 be! 1| y 
20Si Puskepee\a: fjcc.0 dei ectoon 1924 310 yi 9,882 0 10 10 
204) Tuskegee, East.............] 1925 540 821,454 166,896 29 29 
BOB WalkGt ase irda nora ts «a 1923 29 29 
206] Walker, West.............. 1939 8 8 
2OT  Wileoksne: ios mutans tenis catantest 1919 58 58 
208] Miscellaneous..............] 1924 10} y y 
209} Aggregate for district of 
pools marked!, . 189,649,510 
210] Total Bast Central, Creek : 
County... 766,265,244 | 8,331,101 5,959 
NorTHEASTERN 
211] Craig, Nowata, Rogers, and 
Washington Counties. .... 350,230,873 | 6,276,900 15,581 15,581 
NortTHERN 
212) Barnes, Garfield............ 1918 8,784 10 10 
213} Brown, Garfield.............| 1980 20,496 4 4 
214) Enid, Garfield.............. 1940 10,861 Ley 
215] Garber, Garfield............ 1916 54, 510, 644 623,298 565 565 
216| Garber, North, Garfield. .... 1927 yp 7 7 
217) Hillsdale, Garfield........... 1938 79,903 1 1 
218) Waukomis, Garfield.........| 1988 34,924 1 1 
219] Reed, Garfield.............. 1926 58,365 1 1 
220} Cardwell, Grant............ 1929 261,048 2 2 
221} Deer Creek, Grant.......... 1922 1,235,217 80, 520 11 11 
222} Lamont, Grant............. 1937 556,239 212,646 2 2 
223| Webb, Grant............... 1926 203,273 8,784 3 3 
224) Barkwell, Kay............. 1918 4,559,590 165,798 43 43 
225) Bramar, Kay............... 1924 4,549,918 161,772 30 30 
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Reser- 
voir Char- 
Pres- acter : ; Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
3 
s 
Pee Depth, Avg. Ft 
a, ay 
P rane é 
5 | Initial) ¢ |F4-3 Name =| = Name 
E 5 |<E » Bilel-s Su icdee tS Sed ph 
iS BB se el tee 2 4. =i 5 om 
é 2 eS Ss a S g Ag Sy Bw 1s ag 
z 3 ESS & See eer eee lees aS 
3 me |O < ay (ieee eS am Zi ales a 
186 30 Peru Pen S 
187 35 Various Pen, Ord §,L 1,550 2,980 
188 41 Dutcher-Wilcox Pen, Ord 5 
189 33 Red Fork, Glenn, | Pen, Ord S 400 2,400 
Tucker, Dutcher, 
Wilcox 
190 34 Dutcher Pen S 
191 40 Layton, Peru, Skin- | Pen 
ner, Wheeler, Bar- 
tlesville 
192 36 Layton, Wheeler, | Pen i) 
Skinner, Bartles- 
: ville, ete. 
193 39 Prue Pen 
194 35 Glenn, Taneha, Wil-} Pen, Ord 
cox 
195 34 Various Pen 
196 36 Various Pen, Ord 
ee 197 34 Various Fee, Miss 8,L 1,000 2,290 
r 
198 36 Taneha, Dutcher, | Pen, Ord 
Wilcox 
199 32 Various oad Mis, 2,340 3,088 Wilcox 3,140 
200 39 2nd Wilcox Pen, Ord 
201 34 Various 
202 36 Wilcox Ord 
203 38 Various Pen, Ord 
204 39 Various Pen, Mis, 
Ord 
205 35 Various Pen, Mis, §,L 
Ord 
206 y Bartlesville Pen 8 
207 35 Various Pen, Ord 
+208 39 Bartlesville, Prue, | Pen, Ord 8 
4 Wilcox 
209 
_ 210 
a 
Beil 36 
S 
212 41 Tonkawa, Layton | Pen 
EB} 43 Wilcox Ord 8 
214 40 Mis. lime Mis 
215 43 Various AG Pen, §,L | Por 1,100 4,200 y y y 
~ 216 44 | Various : Pen, Ord 
217 44 1st and 2nd Wilcox | Ord § y y y y 
218 53 Marshall Zone iS) a 7,260 7,280 20 y y 
"219 43 Wilcox © Ord s 
220 44 Wilcox Orden S| Por y y 6 A ly y 
De 39 ‘| Various Eek, §,L 2,900 4,175 7] 
222 49 | Wilcox Ord Ss ly 5,400 5,410 10 y y 
223 42 Various a Bl 
r 
224 40 Various Pen, Ord §,L 1,600 3,440 
225 41 Various Pen, Ord 8, L 
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tLe, Choe 
Area Proved,| otal (il Production, Bbl. |Ptodue- Number oot Oil and/or Methods 
Acres oe J tion, Gas Wells Endiahe 
Millions 1940 
Cu. Ft. 
Dur- 
; Year of : End of | Number of 
Hicld, Vowmta Discovery 1940 1940 Wells 
g Oil | Gas? |To End of 1940| During 1940] During re z\P 
g Rpt te duce wis 
a ae =" a ng = a ast 
2 gs| gs | OF |e | Ss 
3 S 6) ian L 
226| Braman, North, Kay........ 1924 795 17,970,967 296,460 60 60 
227| Braman, Southeast, Kay....| 1938 200 147,663 60,390 5 5 
228] Dilworth, Kay............. 1917 2,355 5,119,054 150,426 76 76 
229) Hubbard, Kay............-. 1924 645 8,224,258 183,000 36 36 
230] Mervine, Kay.............. 1913 960 zi 11,346 2 2 
231] New Kirk, Kay............ 1919 250 a 22,326 6 6 
232! Ponca City, Kay........... 1917 1,445 6,314,054 96,6243 40 40 
233| Thomas, Kay..%2....2.0.52 Prior to 275 7,096,933 77,226 14 14 
; 1914 
234| Tonkawa, Kay............- 1921 3,695 120,736,862 627,324 929 210 210 
235) Tonkawa South, Kay....... 1921 295 z!| None — 
on 
236| Vernon, Kay............... 1925 660 3,241,698 95,526 16 16 
237| Miscellaneous, Kay......... qi 6,588 5] oy y 
238] Crescent, Logan............ 1933 955 12,888,103 773,358 54 40) y vy 
239) Hall Mogaieaan vetiesias sete 1934 80 218,863 15,372 2 2 
240| Langston, Logan............ 1934 340 979,696 122,244 0 13] y y 
241) Langston, South, Logan..... 1935 130 42,361 7,686 1 1 
242) Lovell, Logan............-. 1928 220 2,616,752 36, 8 8 
243) Lovell, West, Logan......... 1936 50 95,176 2,196 2 — 
on 
244| Lovell, South, Logan........ 1934 111,652 69,540 3 5 5. 
245] Marshall, Logan............ 1927 740 11,728,125 73,932 24 24 
246 ule gs) a oe RARE RS 1938 120 144,108 49,044 7 6 6 
247| Seward, Logan............- 1936 40 63,367 10,248 0 1 1 ; 
248 Bilings ont sid 3 i mes 1935 1,060 9,009,446 | 2,204,418 79 7 78) oy ¥ 
249] Billings fo nie sand).... 1917 590 6,182,833 9,1 7 : 
250} Lucien, Noble....... 1932 4,170 26,389,833 | 2,740,242 128} 2 123] y y 
251) Lucien, Nok Noble. 1936 430 "822,085 229,482 12] y 7 
252| Marathon, Noble 1935 80 136,243 8,052 3 4 
253] Otoe, Noble 1930 40 75,440 4,026 z 1 } 
254| Perry, Noble 1923 60 73,973 4,392 1 1 
255) Polo, Noble. ...| 1984 510 3,771,246 387,228 37 0 31 31- 
256] Sams, Noble................ 1925 295 2,266,080 34,038 rl 7 | 
257| Aggregate of pools marked! 3,167,780 1,514 
258| Total Northern Oklahoma. 316,101,819 | 9,740,605 : 
‘ 
Oxranoma Crry ARBA : 
Moore, Cleveland 7,973,819 | _ 597,678 40} 0 38 38 
Noble, Cleveland 28,672 | Abandoned 1 Aban: ; 
on 
Norman, Cleveland... 6,253 1 1 
Britton, Oklahoma 2,280,616 2} 29 29 
109,994 2 2) y y 
16,812,772 104) 0 84 84 
1890 2 3 35 
20,440 1| y y 
k 338,352 2 2 a 
Oelainnnn City, Oklahoma... 524,913,045 | 35, 720, 136 1,504} 30] 1,008] y yo 
Total Oklahoma City Area 552,523,853 | 38,111,214 1,168 
Osage County 
zi 12,810 79 79 
814,028 91 91 
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Reser- 
voir Char- 
Pres- acter oo aoe . Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In 
i] 
8 
& hog Depth, Avg. Ft. 
& |*3 
Bl initial & lace N g-| § 
nitial) = jPics ame | o 
E 5 dE y . . 3 2 Be] 3 “, Naame oie 
Zz giBos Stee ae a. | Be | 8 ls 
© RSE S ° 4 FA Pa 23 F eb s 2s 
x SB 18S x 2 3 a a $e Bb 2 Me) 
a me | < Shier bee Fld eas a am 
226 41 Various Pen, Ord §,L 
227 43 Wilcox Ord y y y y 
= Be Ls Ne Pen y A 
farious Pen, Ord Por AF 
230 40 Various Pen Ff 2 . : 
231 40 Burbank, Mississip-| Pen, Mis 
pian 
232 38 Various oie §,L 1,500 3,900 A 
233 41 Various Fer: Pen, 8,L | Por y @ 
234 42 Various hh SL | Por 2,660 4,075 y £ 
285 42 Endicott, Tonkawa,| Pen, Ord 
Wilcox 
236 40 Various Pen, Mis, §,L y x 
Ord 
237 39 Various 
238 42 Layton, 2nd Wilcox,| Pen, Ord S | 23 AF 
- Wilcox 
239 40 Layton, Tonkawa, | Pen, Ord S | Por 4,800 
Wilcox 
+240 45 Wilcox Ord S | Por 5,100 5,145 A | Wilcox 5,19 + 
241 4h Upper Simpson Ord 
- 242 40 Tonkawa, Wilcox | Pen, Ord 8S ly y 
243 40 2nd Wilcox 8 | Por u y 
244 40 | Layton Pen 
245 | 1,950 40 Tonkawa, L. Simp- | Pen, Ord 8S ly y y 
son, Wilcox 
246 48 Wilcox Ord Savy 5,200 5,220 20 
247 38 Simpson dolomite | Ord D 
248 | 1,720 41 Wilcox Ord S| Por 4,250 y y A 
249 41 Various Pen SL | Por 50 A 
250 42 Various Pen, Ord SL | Por 5,200 y y 
251 44 Wilcox Ord S | Por y y y 
' 252! 1,665 42 Wilcox d 8) -}.Por y y 34 A 
= 253 39 Layton en S | Por 3,284 3,314 30 y 
254 41 Reagan, Tonkawa | Pen, Ord 
_ 255 41 | Various en, Ord S jy 4,823 4,900 y y 
256 42 | Tonkawa en s 1,902 1,912 10 
5 257. 35.98 
258 2nd Wilcox, U.| Ord 8, D | Por A 
é Simpson 
41 Dol. 2nd Wilcox Ord 
39 2nd Wilcox Ord iS] 7,670 7,672 2 
38 U. Simpson Ord y_l|y y el 
2,000 45 Simpson, 2nd Wilcox} Ord 5, D, L} Por AF 
35 2nd Wilcox Ord Nets 6,738 6,766 28 
39 Simpson, Wilcox Ord Por AF | Arbuckle | 7,000 
35 Chavelat Pen 8S ly 4,796 4,808 12 2nd Wilcox | 5,998 
35 Hunton Sil-Dev L 6,004 6,095 91 2nd Wilcox | 6,610 
36 Trosper Pen S | Por 6,157 6,168 11 ML 
37 Various Pen, Ord SL | Por 6,700 y 
Bartlesville, Bur-| Pen, Mis 
gess, Mississippian] _ 
Burgess, Siliceous | Mis, Cam- 


Ord 
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806) Frankfort. coin scien cue 1920 120 y| Abandoned 


gee Oil-produc- 
. tion 
Area Proved, : - Produc-| Number of Oil and/or 
pay : aut Total Oil Production, Bbl. sti Gas Wells peer 
ons 
Cu. Ft pe 
F Year of Dur-| Fad of | Number of 
Field, County Discovery ing | 1940 Wells 
1940 
3 Oil | Gas? |To End of 1940|During 1940| During) 23 | _ 
g 2c 
Z a3 | 2 z| 2. 
2 8S | 3 2 | 35 
272| Avant.....................| 1904 | 12,520 z!| 676,002 759 
273} Avant, West...<c..nhcacens 1905 3,555 ai 79,788 174 
O74) Backins 652 certs cnsnsee ee 1919 850 a 9,150 34 
275) Bandwheel................. 1921 630 yt 43,920 38 
2761 Barkers sens. ageem one a6 1932 240 y 48,678 11 
277\ Barnsdall. sien. .eets eet 1916 3,620: zi 69,174 203 
278] Barnsdall, South........... 1921 1,125 y 28,914 87 
279) Barnsdall, West............| 1922 1,665 yt 132,126 97 
280| Bartlesville............5... 1904 16,335 a 17,202 81 
281) Bigharse.:s.esestes eee. a. 1927 335 yt 5,124 23 
282| Birch Creek: -.52../.0:.....| 1920 830 y 8,052 49 
283} Boston eeccesane coins ohroan 1904 770 z 120,414 39 
284! Boston, North............. 1921 240 yi 18,666 12 
285| Bowring.......:..):..m:..| 1921 160 y} 4,026 125 
286| Branstetter................ 1928 420 yi 32,208 25 
257} Dual Semesters 2 hence 1922 100 yt 12,810 om 
288| Bulldog............... 1920 | 465 y| 50,874 32 
289] Burbank (Osage and Kay)...| 1920 | 24,665 201,887,685 | 2,860,290 2,208 1,703 i 
Or. 1926 : 
290) Burbank, South............ Ext. 1934] 4,465 28,021,878 | 2,922,876 287 y y 
201) Candy Creek............... 1920 1,420 y 75,030 5 ; 
292] Canyon Creek.............. 1923 160 y 64,416 
293) Country Club..............] 1923 515 ys 27,450 3 
204 alton! sore ser nee ane cas 1926 205 yt 3,660 
20D Deweraecawecenateeres. 1904 4,920 al 21,594 108 
206) Dioniesy ute. aecree cok eet 1917 3,740 zl 84,546 . 208 
207| Bdgewoodsn cs tern dane o teh 1921 285 yt 7,686 16 
298) Elgin, South............... 1917 1,985 xl 20,130 119° 
PEG) HID GSG0 sea da vedies cms tonics 4 1921 290 1,032,178 14,274 7 
800| Pairlaxs stenncct a soe eves kOe 220 y 42,822 16 
301] Falls Dome................] 1920 380 y 21,960 227 | 
802| Flat Rock.......2....0006s 1906 | 7,485 z!] 290,238 506 
4 
808|'Blesher.. 23.2. srsten ack catch AOD 320 zh 9,150 58 
B08 oraketrs es saicnhaouetiran 1920 y| Abandoned 
305) Forty-five................. 1916 1,795 zi 32,208 110 
; 
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Reser- 
voir Char- 
Pres- acter : ; Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
§q. In. 
3s 
s 
g a Depth, Avg. Ft. 
a (ay 
° IH 4 
3 | Initial] & |-2 Name * 3 s Name 
E ae a = | 33 | ae 
2 q |e g $/2B| =F a | ge | 8 si 
£ SERS 6 s a Ay @ 33 A yy £ As 
g & |ES< S S|) e8 | 32 | sb |e cl 
3 a chad = Si a gts ee ea as am 
272 RP | 33 perievile Bur ion g f Be ies 
278 32 Bartlesville, Bur- | Pen 8 
gess 
274 34 Bartlesville, Missis- | Pen, Mis SL 
sippian 
275 34 Various Pen, Mis SL 
276 36 Various Pen, Mis, 
4 ; Cam-Ord 
ea 33 Peru, Bartlesville, | Pen, Mis, §,L 1,110 y y 
Mississippian, Ar- | Cam 1,550 1,725 75 
uckle 
278 33 Bartlesville, Bur- | Pen NS) 
a gess 
279 34 Bartlesville Pen s 
280 33 Various Pen L, 8 650 1,265 
* 281 35 Bartlesville, Missis- | Pen, Mis 
sippian. 
+282 34 Bartlesville, Bur- | Pen, Mis SL 
~ gess, Mississippian 
283 37 Various Pen, Cam, SL 1,500 2,620 
Ord, Mis 
e284 36 Wilcox, Arbuckle | Cam, Ord 
285 34 Layton, Peru, | Pen, Mis SL 
, Oswego, Missisip- 
pian 
J 286 40 Bartlesville, Bur- | Pen, Mis SL 
gess, Mississippian 
287 37 Various Pen, Mis SL 
288 34 Various Pen, Mis SL 
~ 289 RP | 38 Burbank, Layton, | Pen, Ord 8 2,700 2,850 60 ML | Granite 4,240 
Wilcox 
— 290 PM} 38 Burbank, Skinner | Pen S 2,850 
291 33 Bartlesville, Bur- | Pen 5 
gess 
202 39 Bartlesville, Bur- | Pen Ss 
gess 
— ~-293 33 Various ~ | Pen, Ord 
294 38 | Bartlesville, Bur- | Pen 
gess 
— 295 33 Various Pen L,§ 650 1,265 
296 36 Stray, Bartlesville, | Pen, Mis SL, 8, 1,570 1,124 67 
"es Mississipian SL 1,680 1,780 100 
x 1,880 1,925 45 
297. 35 Bartlesville, Bur- | Pen, Mis SL 
a gess, Mississippian 
+298 33 Ramsey, Pennsyl- | Pen 
-. vanian, Oswego __ 
299 36 Stray, Oswego, Mis-| SL 
a sissippian ‘ 
— 300 38 Burbank, Oswego, | Ord, Pen S 20-25 y ML 
/ Wilcox 
801 36 Oswego, / Burgess, | Pen 
, 34 Bante B 1,110 1,205 95 
» 302 RP artlesville, Bur- , ' : 
ie gess ae : { 1345 | 1305 | 20} Wileox, (1,667 
303 35 Bartlesville, Missis- | Pen-Mis 
sippian 
‘ Hominy, Arbuckle | Cam-Ord 
304 33 : 
305 34 Oswego, Skinner, | Pen 
Bartlesville ; 
306 33 | Pennsylvanian, Os- | Pen, Mis SL 


$ wego, Mississip- 
HOMES TSS he RS Us a 


390 

ya 1‘ Year of 

Field, County Dasrrery 
: 
Az 
g 
5 
307| Gilliland.................-- 1919 
308} Happy Hollow............. 1919 
309 WO ay «caine. sioade st 1934 
310) Hickory Creek............. 1914 
311) Hickory Creek, East........ 1939 
812) Hominy... 2505.90 stun neve 1916 
313} Hominy, East.............. 1918 
314] Hominy, South............. 1940 
315] Hominy Falls.............. 1919 
316 HORUS SP ai ates cs ita rotaleers 1921 
317 Wark kwingaetarediaems Sek 1922 
318} Landon 1919 
310} Tee DOMG. tei ie wt= ool ots 1926 
320) Madaline.................. 1920 
321] Madaline, East............. 1923 
$29) Manion das cces5!s base ct 1927 
323] Manion, North............. 1920 
S2E NOV ENE ir cerca dire shale ours elf er LO 
325] Naval Reserve............. 1933 
326] Nelagoney................. 1919 
327| New England.............. 1920 
328] Ochelata, North............ 1910 
829] Ohio-Osage..............55 1932 
SAO OKORAS aotglc ta sie oa dee cle ae 1904 
$31} Osage City... c. ices cares 1904 
332] Osage City, East........... 1920 | 
333| Osage-Hominy............. 1917 
BBE Pages cedecs peated 1918 
635) Pawhusktysc 5 s'sici0ssieise0 saan 1919 
336] Pawhuska, West............ 1919 
GBT) ROMPBORIA Sse: aes osscouueras 1919 
$38) Penn Creek.....05.ccccpees 1922 
630 Peraning ner. rch esac c eee nea 1918 
BADGE Se warvieus crc otis ods cinta 1923 
SEE PIONOER: fits donuts » dee cets 1920 
342] Pond Creek......... 1913 
BASIE TUG See cea sie eles come San 1926 
B44 Qua paw iiss case's eee sind 1914 


TABLE 


Area Proved, 
Acres 


1.—(Continued) 


Total Oil Production, Bbl. 


To End of 1940| During 1940 
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Total 


Gas 
Produc-| Number of 


tion, 


Millions 


Cu. Ft. 


z 18,300 
zi 48,678 
77,244 7,686 
zl 34,404 
108,836 84,546 
za 15,006 
ai 17,568 
2,477 2,477 
zi 31,476 
yt 11,346 
155,034 59,292 
al 2,928 
y 7,320 
yi 29,280 
yt 20,130 
816,571 30,744 
y! 54,168 
zl 5,124 
15,920,314 | 1,284,294 
z) Abandoned 
yl 40,260 
zi 61,122 
y} 5,124 
zi 6,588 
Pat 267,912 | 
ys 86,376 
zl 218,868 
x 38,430 
a 36,600 
x 4,392 
zl 27,816 
y 11,712 
zi 109,800 
y 30,012 
y 20,862 
zi 18,666 
ys 8,052 
zl 48,312 


Oil and/or 
Gas Wells 


Completed to 
End of 1940 


254 


222 


139 


| Line Number 


oo 
So 
a 


wo woe we 
en — 
nue oe co 
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TABLE 1.—(Continued) 


Reser- 
Nad Char- 5 j 
Tes- acter ; 3 eepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
ss 
=| 
s 
el es Depth, Avg. Ft. 
£ 23 P' g. Ft 
Initial] © [aS Name 2 Z 
—_ =o 
5 <—E Oo B iy 3 = ze 4 > oe ~ 
% |B 3/2] & eee We nae Se 
g [EEE ge eee ea Oe oe a ag 
® |u a ° Bro ~~ 
f Oe eos ele aoe et aa 
36 | Various Pen, Mis, [Site teas cee ee Se ak De Ee (as 
Cam, Ord 
36 Oswego, Burgess, | Pen 
Bartlesville 
39 Layton Pen 8 
35 Oswego, Mississip- | Pen, Mis SL 
pian, Bartlesville 
y Wayside 
34 Various Pen, Mis, SL 2,625 2,685 50 A | Arbuckle | 3,206 
’ _ , | Cam, Ord 
34 | Bartlesville, Missis- | Pen, Mis, 8 2,160 2,210 A | Arbuckle — | 2,857 
sippian, Hominy,} Cam, Ord 
Arbucle 
40 Oswego Pen 
36 Various Pen, Mis SL 
40 Burbank Pen § 
y Skinner, Prue Pen 
35 Penn, Oswego, Bar- | Pen 
tlesville 
36 Oswego, Burgess, | Pen 
Bartlesville 
35 Oswego, Prue, Bar- | Pen 
tlesville 
35 Bartlesville Pen 8 
38 Burgess, Layton, Pen 
Oswego, Bartles- 
ville ‘ 
38 Wilcox, Bartlesville | Pen ,Ord 
34 Layton, Burgess Pen 
Burbank Pen y y 
5 
34 Bartlesville, Bur- | Pen, Cam, 
gess-Arbuckle Or 
34 Prue, Bartlesville | Pen 8 
37 Cleveland, Bartles- | Pen § A 
ville 
34 Prue, Bartlesville, | Pen, Mis SL 
Mississippian 
37 urgess, Bur' , | Pen, Cam, SL 
ch te Bartl ot 1,620 1,645 25 
37 eveland, Bartles- I i Sito 
mile Pen Sy) { 3380 2'980 30 Mississippi | 2,431 
37 Layton, Oswego, Pen SL y y y 
Bartlesville Bur- 
gess 
33 Various Pen, Cam, SL 
Ord 
35 Bartlesville, Bur- | Pen, Cam, SL 
gess, Burgen, Ar-| Ord 
uckle 
36 Bartlesville, Bur- | Pen, Cam, SL 
ess, Burgen, Ar-| Ord 
uckle ; 
36 Burgess, Layton, | Pen, Mis SL 
Oswego, Mississip- 
pian : 
35 Bartlesville, Missis- | Pen, Mis SL 
; sippian 
35 | Cleveland, Bartles- | poy R { 1,385 1,400 15 D 
P| ville 2,033 2,068 30 : 
36 Various Pen, Cam, SL y y 45 A | 2nd Wilcox 
34 Various 
33 Various 
36 Prue, Bartlesville 
34 Bartlesville, 


Oswego, Skinner 
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TABLE 1.—(Continued) 
Area Proved,| . a Produc-| Number of Oil and/or 
Mohs Total Oil Production, Bbl. tion, Gas Wells 
: Year of 
Field, County Discowtey 
& Oil | Gas? |To End of 1940] During 1940] During) SS | 
E 35 2 pa 
2 a lucing 
z ge | a | Oil 
=I [Jc i=} 
pe oO oO 
S46f Ramona. 5.2405). 2 see vie ts 1911 1,755 zi 72,102 
346 ktnbOOK 2%). wari societies 1911 715 zl 18,666 
B41 UDO Us a¥ale cle eke oroiaw ala incts 1919 295 a 2,196 
348) Tidal Osage’ sees ileal 1918 1,975 zi 94,794 
349] Turkey Creek.............. 1917 x1) Abandoned 
350| Turkey Creek, West........| 1925 305 yt 1196 
361] White Tail ssn Asana cea 1919 205 zi 5,124 
352) Wild Horse... 25.5. +60.0.53 1912 4,670 ql 281,454 
353] Wild Horse, North.......... 1919 360 zl 21,228 
354! Wild Horse, South.......... 1923 205 yl 8,418 
355] Wild epsiso th West. . 1940 20 1,648 1,643 
356] Woolaroc. . ae 1917 2,525 zi 54,534 
357| Wynona.. Salenty sean g Says 1917 3,475 al 82,350 
358| Miscellaneous.............. 1934 1,840 y) 125,538 
359| Aggregate for district of 
pools marked!........ 317,264,148 
360} Total Osage district....... 565,288,008 | 11,758,210 
SpminoLe AREA 
361) Adams, Hughes............. 1935 185 1,055,344 266,814 
362} Alabama, Hughes........... 1923 640 y 42,456 
363] Buchner, Hughes........... 1924 140 y! 10,980 
364] Calvin, Hughes.............| 1988 80 58,602 9,882 
365] Fish, Hughes.......-...0.0% 1934 1,280 15,803,710 | 1,147,776 
366] Freame, Hughes 1988 21, 5,856 
367| Fuhrman, Hughes........... 1925 395 y! 13,542 
368] Gilcrease, Hughes. . 1924 yt 3,660 
369] Holdenville, North, "Hughes... 1926 80 30,673 2,196 
370| Holdenville, West, "Hughes. . 1916-80 | 1,340 4,908,342 249,246 
371| Lamar, Hughes............. 1923 40 104,160 365 
372| Papoose, Hughes............ 1923 2,815 23,158,482 229,848 
373] Spaulding, Hughes..........} 1929 80 72,720 3,660 3 
374] Wetumka, Hughes..........| 1923 255 y! 15,372 4 
375| Wetumka, East, Hughes..... 1938 80 40,874 14,640 1 
376) Wetumka, South, Hughes....| 1926 100 ys 2,562 5 
377| Yeager, Hughes............. 1925 345 1,958,485 31,476 7 
378] Yeager, North, Hughes...... 1936 270 108,756 30,012 8 
379] Miscellaneous, Hughes...... 1927 220 yi 12,078 7 
380] Cromwell, North, Okfuskee..| 1938- 203,060 143,472 0 
381] Dill, Okfuskee.............. 1931 1,060: 2,898,760 649,284 4 
382] Olympic, Okfuskee..........| 1934 3,860 10,794,694 739,320 
383] Asher, Pottawatomie......... 1929 430 3,581,018 21,228 
384] Asher, West, Pottawatomie...| 1930 780 7,375,163 99,918 
385] Avoca, Pottawatomie....... 1938 100 591,156 367,464 
386] Earlsboro, West, 1924 
Pottawatomie. . cece] 1929 1,345 2,063,771 121,512 
387| Gray, Pottawatomie......... 1932 240 3,993,026 299,022 
388] Grisso, Pottawatomie........ 1934 210 328,998 25,620 
389| King, Pottawatomie......... 1939 105,804 29,280 
390| Pace, Pottawatomie.......... 1939 223,544 195,444 
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TABLE 1.—(Continued) 


Reser- 
voir Char- 
Pres- acter L u Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
a) 
Ss 
§ ry Depth, Avg. Ft. 
a |a 
a o las PA 
Initial] & |-3 mi 2 3 
Ss go lm . 2 £ D> 3 ae Aas g Se 
Zz 8 |e, 8 SRS Raat = ae | 8 See 
° | Bo 2 ° 5 g 2 SB A ep 3 =a 
A 3 |ES< % a | 5. Ss ee Ieee kG pie 
3 =a) = Slee cy Pe lees am 
345 33 Big Lime, Bartles- | Pen ” SL 
ville Burgess 
346 34 Bartlesville, Bur- | Pen, Mis SL 
gess, Mississippian 
347 36 Bartlesville, Hom- | Pen, Ord SL 
iny, Arbuckle 
348 36 Burgess, Bartles- | Per, Pen 5 
ville 
— 349 33 
_ 350 33 | Penn sand 
351 32 | Stray, Bartlesville, | Pen, Mis SL 
Mississippian 
352 35 Various Pen, Ord SL 3,550 4,260 
353 35 Various Pen, Ord SL 
— 354 35 Various Pen 
~ 355 38 Arbuckle Cam, Ord 
856 34 cies Bartles- | Pen 8 
ville 
357 35 Various Pen, Mis SL 1,600 2,281 
358 y 
~ 859 
3860 
_ 361} 1,500 Misener Mis Sri 15 A | Wilcox 4,317 
362 39 Various Pen 
363 35 Booch, Cromwell | Pen s y y y 
364 36 Viola Ord L y y y 
365 37 Various Pen, Ord y -y y 
366 36 Cromwell Pen s 3,335 3,354 19 
— 867 37 Gilcrease-Cromwell | Pen § y y y 
«368 39 Gilcrease Pen 8 y y y 
369 40 Cromwell Pen 8 3,418 3,437 19 
370 Bt Various Pen, Ord $ 
- 871 39 
5 372 36 Calvin, Cromwell, | Pen S | Por 10 A | Wilcox 
> Gilcrease 
~373 35 Booch Pen iS) 
374 38 Various Pen, Sil- §,L 
Z- : Dev 
375 53 2nd Wilcox Ord § 
: 376 39 Gilcrease, Cromwell} Pen iS) 
377 39 Various Pen, Ord §,L 
a Sil-Dev 
878 37 Cromwell, Hunton | Pen, Ord 8, L 
- 2nd Wilcox Sil-Dev 
Bs y Booch, Cromwell | Pen S 
380 37 Cromwell, Booch |Pen  - 8 
381 40 Hunton, Cromwell, | Pen, Sil- §,L | Por | Senora | Senora | Hunton 
e Senora Dev 1,685 1,785 30 
f Senora 
y 
382 34 | Cromwell- Senora | Pen S |Por | 3,433 3,475 y 
383 39 Wanette-Viola Ord 8, L y y y 
884 43 | Wanette 3,450 : 
385 39 Viola, 2nd Wilcox | Ord 8, L Viola Viola 
: 4,206 4,208 2 
386 38 | Hunton * Sil-Dev L y y y 
- < 
387 40 Wanette, Hunton, | Sil-Dev, 2,500 3,475 25 A | Wilcox 3,500 
&. Simpson Ord ; 
388 36 Hunton, Simpson | Sil-Dev, Hunton | Hunton Wilcox 4,860 
a Ord 4,030 | 4,050 
389 41 Viola and Hunton | Ord-Sil L 4,374 4,416 42 
3H 41 Hunton Sil-Dev L 4,281 4,306 25 
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TABLE 1.—(Continued) 


Total 
oiue-|Number of Oil and/ 
Area Proved,! rots Oil Production, Bbl. |Produe-|Number of Ot and/or 


Millions’ 
Cu. Ft. 
: Year of 
Field, County Tigray 

ke % Duri &s 

3 Oil | Gas> |To End of 1940) During 1940) “10 400 rE 

g os I 

= 3 

a ay ee 

: Ea z8 

3 o 
391] Maud, Pottawatomie........ 1928 1,980 11,861,181 202,764 57 
392) Prague, Pottawatomie........ 1940 159,183 159,183 y 
393] Romulus, Pottawatomie..... . 1940 88,204 88,204 : 
394| Sacred Heart, Pottawatomie..| 1939 80 218,989 143,106 9 
395) Shawnee, Pottawatomie...... 1934 520 2,365,048 723,216 54 
396| Shawnee, East, Pottawatomie| 1937 40 63,258 6,954 | 
397| Shawnee, North, : 

Pottawatomie............. 1937 80 143,109 87,474 3 
398| St Louis, Pottawatomie...... 1927 | 19,825 147,980,937 | 9,453,780 y 
399] Tecumseh, Pottawatomie..... 1937 40 118,486 27,084 1 
400| Miscellaneous, Pottawatomie.| 1935 110 y! 3,660 3 
401) Allen (Deep), Seminole...... 1927 3,000 49,842,144 | 1,918,206 309 
402] Bethel, Seminole............ 1925 620 1,764,180 63,684 36 
403] Bethel, North, Seminole... . 1936 455 3,101,851 691,374 28 
404) Bowlegs, Seminole.......... 1926 4,270 116,781,421 | 2,464,278 222 
405] Carr City, Seminole......... 1927 1,885 30,020,722 840,336 84 
406] Cromwell, Seminole......... 1923 5,465 56,094,746 | 1,059,204 42 
407| Cromwell, East, Seminole....| 1940 300 151,750 151,750 
408] Cromwell, South, Seminole..| 1937 80 399,157 65,148 
409| Dora, Seminole............. 1935 1,260 4,225,469 736,758 1 
410] Earlsboro, Seminole......... 1926 5,235 124,123,961 | 1,503,894 1 
411) Earlsboro, East, Seminole...| 1929 2,105 38,103,959 695,034 of 
412) Earlsboro, North, Seminole. . 1936 460 3,876,049 | 1,226,466 36 
413] Earlsboro, South, Seminole..| 1930 430 8,626,052 191,784 1§ 
414| Grayson, Seminole.......... 1935 530 1,583,295 375,882 : ' 
415] Hazel, Seminole............ 1938 330, 368,697 90,768 21 
416] Jackson, Seminole........... 1925 735 709,198 35,502 1 
417) Keokuk, Seminole........... 1933 2,585 10,558,839 | 1,098,366 ; 
418] Konawa, Seminole.......... 1929 1,695 14,853,574 398,940 q 
419} Konawa, East, Seminole.....| 1936 225 195,195 9,150 
420] Konawa, South, Seminole...| 1938 140 259,240 213,378 1 
421| Konawa, West, Seminole....| 1938 220 446,166 135,420 16 
422! Little River, Seminole....... 1927 4,625 109,479,385 | 2,416,698 2 
423] Little River, East, Seminole} 1928 910 16,487,217 244,854 
424) Little River, Southeast,| 1940 
SOURNES oi tews Bae. a) mel ake40 40 5,342 5,342 yo 

425] Little River, West, Seminole | 1938 270 623,147 215,208 12. 
426] Mission, Seminole........... 1928 1,570 25,024,866 460,794 
427) Rosana, Seminole........... 1924 505 yl 201,300 
428! Sancho, Seminole........... 1929 120 315,708 11,712 } 
429] Sasakwa, Seminole.......... 1927 1,145 10,611,125 424,926 j 
430) Sasakwa Townsite, Seminole | 1933 175 2,233,321 129,564 
431} Searight, Seminole.......... 1926 2,110 33,865,593 428,952 61. 
432] Searight, East, Seminole ....| 1939 80 147,326 44,286 ! 
433] Searight, North, Seminole...| 1934 470 3,255,554 299,754 14 
434) Seminole City, Seminole..... 1926 4,635 126,609,618 | 2,507,882 } 
435] Seminole, Eust, Seminole....| 1926 1,865 7,904,292 427,122 i} 
436| Seminole, North, Seminole...| 1940 6,477 6,477 ] 


437| Seminole, West, Seminole....| 1935 385 12,511,562 503,250 
438] Swan, Seminole.........,.. 1938 10 525 2,562 
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TABLE 1.—(Continued) 


Pres- / Deepest Zone 
pe or Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
Sa a] 
8 
3 Depth, Avg. Fi 
& | epth, Avg. Ft 
& (23 PELE 
| Initial =! é 2 Name & . | 5 ¥. Name 
5 rae Sil 3 a= | ge | 3 ‘sk 
a 8 lee & 2 |3| fe su By | 3 2 o 
g ay SS a 2 a | “a a8 $e > 3 a0 
3 i heli 2 S ba] ee gare ieee fee am 
391 38 | Misener, Hunton, | Miss, Ord, | 8,L | Por | 4,130 4,140 10 A | Wilcox 4,330 
Simpson Sil-Dev 
392 34 Senora Pen 
393 34 Hunton “Sil 
394 32 Earlsboro Pen § 2,862 2,883 20 
(395 34 Earlsboro Pen 8: Por y y 
396 31 Wilcox Ord 8 4,839 -| 4,844 5 
4 397 36 Simpson Ord 4,853 4,886 33 
4 398 38 Various Pen, Ord, 8,L | Por |- y y y y 
: Sil-Dev 
— 899 37 Simpson Ord D 5,125 5,238 113 
400 36 Earlsboro Pen 8 
401 36 Various Mis, Ord, 8. L 2,500 4,250 
Sil-Dev 
402 36 we elati Booch, | Pen s ML 
: crease 
403 40 Cromwell Pen S| Por 3,630 3,615 20 A | Cromwell 
404 40 Various ig Me SL | Por 30 A 
er |-Dev 
405 40 soil Hunton, aes 8, L | Por 4,180 4,205 A | Wilcox 4,210 
“a cox il-Dev 
- 406 37 Various Pen, Ord 8 | Por 3,400 AF | Wilcox 4,226 
407 38 Cromwell Pen 
408 37 Wilcox ’ Ord 8 4,176 4,189 13 
409 35 Boggy, Calvin Pen 8 2,947 2,959 
410 38 Earlsboro, Wilcox, | Pen, Ord, 8, L y y y 
; Hunton Sil-Dev 
411 : 39 Calvin, Hunton, Pen, Ord, 8, L y 4,250 y 
4 Wilcox Sil-Dev 
412 41 Hunton, Wilcox Sil-Dev, Ord| L Yy A 
: S| Por 4,640 4,650 10 A | Wilcox 4,680 
413 39 Calvin, Hunton, Pen, Ord, §,L | Por 4,200 4,225 25 A | Wilcox 4,225 
: Wilcox Sil-Dev 
414 40 Simpson Ord y 4,030 4,050 20 y \y y 
; Al5 y Thurman, Boggy | Pen 8 2,991 3,003 12 y 
416 38 Booch Pen § y y y } 
ANT 40 Misener, Hunton, | Mis, Ord, SL ly y y | Wilcox 4,483 
5 Wilcox Sil-Dev 
418 36 Earlsboro, Crom-| Pen, Ord § y y 
, well, Simpson 
419 y y 
420 
4 Viola 
36 Boggy, Calvin Pen 8 2,697 2,714 lye 
38 Various Pen, Ord S | Por y 4,100 y y 
36 Various Pen, Ord 8S ly y y y y 
Senora 
Wilcox Ord $ 4,380 2 
39 Hunton, Wilcox Pen, Ord §,L y 4,300 y 
38 Booch Pen iS] 3,034 3,054 20 
37 Gilcrease, Cromwell] Pen 8 y y y 
3,261 3,290 29 
36 Various Pen ,Ord §, L 2,793 4,187 
Bifé Wilcox Ord S | Por 4,047 4,050 3 y 
38 Hunton, Wilcox Sil-Dev, Ord | 8, L | Por 4,120 4,325 y y 
39 Cromwell Pen NI 3,775 3,791 16 y 
32 Wilcox Ord 8S ly 4,596 y y y 
Various Boy 
Cromwell, Hunton, 
Wilcox 4 
eae rd 30 | A |Wileox | 4,150 


Wilcox, Calvin Ord, Pen 
Thurman 


20 
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TABLE 1.—(Continued) 


ithe Oil-produc- 
. tion 
Area Proved, . nD Produc-|Number of Oil and/or 
eres Total Oil Production, Bbl. eg Gas Wells Me 
Millions 1940 
Cu. Ft. 
Field, County Year of Dur- End of | Number of 
Discovery mg} 1940 Wells 
1940 
& Oil_| Gas? {To End of 1940| During 1940 | During e313 
g Petal eae Pro- we lee 
5 2° |} & | ducing Sa 
Bo | Ell ioae 2 as5 
g Ba | & 8 | es 
& Shan LS) = | a 
439| Transco, Seminole.......... 1926 80 104,143 | None 4 4 
440| Trough—Deep, Seminole... . 1937 140 741,921 133,590 16 1 14 14 
441| Trough—Shallow, Seminole..| 1937 250 757,354 100,284 27 25 25 
442) Tyrola, Seminole........... 1937 100 65,433 10,980 5 5 5 
443] Wetley, Seminole........... 1927 675 y) 34,404 18 18 
444) Wewoka, Seminole.......... 1923 2,015 39,781,812 333,792 232 1 94 94 
445) Wewoka, East, Seminole... . 1927 365 1,728,485 74,298 29 9 
446] Wewoka, North, Seminole...) 1940 80 S 22,288 22,288 a7 2) y ’ 
447| Wewoka Townsite, Seminole. 1924 345 3,028,229 158,478 40 27 2 
448) Wofford, Seminole.......... 1935 50 632,546 29,646 4 4 
449} Miscellaneous, Seminole.....| 1928 140 96,626 18,300 4 ’ 
450| Aggregate for district of : 
pools marked!......... 4,831,352 
451| Total Seminole Area...... 1,109,446,652 | 38,891,425 4,716 
SouTHEASTERN OKLAHOMA H 
452) Brock, Carter.............. 1922 765 3,432,883 92,232 127 127 
453| Caddo, Carter.............. 1939 40 23,379 12,810 1 
454| Centrahoma, Coal.......... 1937 80 67,834 17,934 2 2 
455) Clarita, Coal 2. o3.ccctees ss 1937 40 54,615 12,810 4 1 3 
456) Miscellaneous, Garvin....... 1936 15,364 None 1 
457) Citra, Hughes............<. 1937 20 6,130 None 1 1 
458] Miscellaneous, Love........ . 1937 40 3,957 732 1 
459| Byars, McClain............ 1939 200 287,424 284,382 ll 10 
460| Cumberland, Marshall...... 1940 1,000 426,445 426,445 13) 13 13 | 13 
461| Enos, Marshall............. 1933 265 136,555 12,810 23 
462) Isom Springs, Marshall... . 1931 380 149,237 21,960 3 47 
463] Kingston, Marshall......... 1932 115 16,407 None 9 
464) Madill, Marshall........... 1925 275 1,097,030 16,104 81 1 
465| Miscellaneous, Marshall... . 1932 20 y1| None 1 ; 
466] Ada, East, Pontotoc......... 1928 325 236,390 24,888 2 18 18 
467| Allen (Shallow), Pontotoc... . 1913 2,530 8,586,633 130,296 198 198 — 
468] Bebee, Pontotoc............. 1923 2,530 10,522,546 | 1,766,682 48 228 228 
469] Bebee, East, Pontotoc....... 1930 215 345,848 61,122 22 
470| Conservation, Pontotoc...... 1927 285 484,013 25,254 2 12 
471) Fitts, Pontotoc........0.+.++ 1933 5,955 88,875,379 | 6,057,666 989 805 805 
472) Fitts, North, Pontotoc....... 1934 150 505,138 38,430 15 
473] Fitts, South, Pontotoc....... 1937 205 359,972 90,036 23 23 
474) Fitts, West, Pontotoc........ 1937 175 355,716 68,076 13 18 | 
475| Francis, Pontotoc........... 1918 60 zi 240 1 | 
476| Francis, West, Pontotoc...... 1917 135 gl 3,660 2 6 i 
477) Jesse, Pontotoc............. 1935 1,235 4,246,201 779,214 1 66) y ‘ 
\ 
478] Oakman, Pontotoc.......... 1935 60 23,448 3,660 1 5 5 
479| Steedman, Pontotoc......... 1920 50 28,310 491 1 i 
480] Steedman, North, Pontotoc...| 1928 305 1,573,157 87,474 14 14 
481) Miscellaneous, Pontotoc...... 1936 60 8,343 None : 3 7" 
482| Aggregate for district of 
pools marked!,......... 225,687 
483| Total Southeastern Okla- ; 
OMG Ax ness ones 122,089,041 | 10,035,408 1,750 | 
484| Sayre, Beckham............ 1923 04,519 | Abandoned 1 


in 1937 


a“, "Sere 
ey 
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TABLE 1.—(Continued) 


Pres- acter : : Deepest Zone 
sure, of Producing Formation Tested to End of 
Lb. per Oil 1940 
Sq. In. 
3 
8 
Ss 
5 D Ave. Ft. 
E “2 z epth, Avg. Ft 
a 4 a 
S | Initial) 3 |-3 Name “ a 5 Name 
5 5 |S e ste | 3 PS tage Pa Ae es 
z, 4 |B ora Ts As 2 Are B=1 5 om 
: & ea S 3 a Ao Bd =| £ ad 
2 & |so5 2 BO ec ee ee ele Be 
a eioos 2 ee ees ee ee am 
439 36 Calvin, Senora Pen 8 2,159 2,174 15 
440 36 | Simpson, Wileox | Ord s { aa y y 
441 33 Earlsboro Pen § 2,347 2,360 13 
442 37 Hunton Sil-Dev L 3,317 y y 
— 443 35 Hunton Sil-Dev L 2,420 2,585 165 
«444 37 Cromwell, Hunton, | Pen, Ord, 8, L | Por 
Wilcox Sil-Dev 
445 38 | Hunton, Wilcox Sil-Dev, Ord | §, L 4,214 y y 
446 y Wilcox Ord 
447 38 Various Pen, Ord, §,L 
, ; Sil-Dev 
448 40 Boggy, Wilcox Pen, Ord 5 y y i] 
_ 449 y Senora, Hunton, Pen, Sil-Dev| S, L 
4 Calvin 
450 
451 
= 32 ‘| Ordovician, Cam, Ord S| Por 2,100 AF | Ord Lime | 3,000 
Arbuckle 
35 Woodford Mis s 4,170 4,324 154 
38 Viola Ord L 5,970 6,235 265 
39 Atoka NS) 790 836 46 
y 
34 Bromide, McLish | Ord S 5,755 5,994 y 
35 Viola Ord L 
37 Viola Ord L 3,485 3,623 138 
37 Bromide Ord 
26 Arbuckle, Preston | Cam, Ord 
26 Stray sand iS) 537 540 3 
26 Cretaceous, Trinity | CreL 
40 Bilbo, Arbuckle Cam, Ord 8 402 
y 
27 Boggy, Senora Pen iS} 1,790 1,795 5 
30 Allen 
36 Boggy, Hunton, 7] 8 1,600 1,750 150 
Viola Sil, Ord L 2,300 2,407 107 
y y y 
35 Senora, Hunton, Pen-Sil, SL 1,830 1,839 9 
ee ae aes, Ord 
30 oggy, Hunton y y y . 
sid i { 2,656 | 2,675 3} Wilcox —_—/ 3,062 
39 Various Pen-Sil, SL 
Dev-Ord 
32 McAlester, Pen Ny} 1,767 y y 
Gilcrease ; 
35 Gilcrease, Hunton, | Pen, Sil-Dev,} 8 y y 
iola Ord L 3,876 4,181 305 
39 Cromwell Pen 8 3,021 3,110 89 
26 Allen, Senora Pen 1,200 2,000 


27 Allen, Senora Pen 
40 Hunton, McLish | Sil-Dev, Ord 7 


f 3,884 3,910 26 
Por { 4,620 | 4,633 13 \ AF 
29 Boggy Pen 8 1,160 1,169 9 
31 Boggy Pen 
31 Boggy Pen 


| 36 Hunton Sil-Dev L 
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Line Number 


Field, County 
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TABLE 1.—(Continued) 


Total 


Binger, Caddo 


Oement,:Caddos csc Set. 


Miscellaneous, Caddo 


Ed Cox, Carter 
Fox, Carter 


Graham, Carter 


Healdton, Carter 
Hewitt, Carter 
Sholem—Alechem, Carter... . 
Tatunis, Cartefecast.dc snice. st 


Tussy, Carter 
Wheeler, Carter 
Wildcat Jim, Carter 
Miscellaneous, Carter 
Hanbury, Comanche 


Lawton, Comanche 
Walters, Cotton 
Robberson, Garvin 
Knox, Grady 
Miscellaneous, Grady........ 
Altus, J 
Tipton, Jackson 


Oscar, Jefferson 
Seay, Jefferson 
Spring, Jefferson 

obart, Kiowa 


Stockton, Love 
Comanche, Stephens 
Cruce, Stephens 
Doyle, Stephens 


Doyle, West, Stephens 
Duncan, North, Stephens... . 
Duncan, West, Stephens 
Empire, Stephens 


Loco, Stephens 
Milroy, Deep, Stephens 


Milroy, Shallow, Stephens... 
Palacine, Stephens 
Rainola, Stephens 
Velma, Stephens............ 
Woolsey, Stephens 


Miscellaneous, Stephens 
Frederick, Tillman......... 
Frederick, West, Tillman... . 
Red River Bed, Tillman... . 
Aggregate for district of 
pools marked!......... 
Total Southwestern Okla- 


Oil | Gas? |To End of 1940|During 1940] During] 2 

1940 | 3S 

3% 

oo 

aa 

1034 |~ 80} 71,013 7,320 i 

1917 | 4,505 19,533,593 | 2,477°454 431 
1925 y'| Abandoned 

in 1937 

1925 | 770 646,334| 77,226 
1917-35 | 1,100 14,197,839 | 462/990 
1917 | 2,990 26,050,787} 378,810 

1913 | 7,550 187,467,331 | 3,178,710 2,353 

1919 | 3:75 87,970,769 | 1/809'138 979 

1923 | 4'760 36,967,436 | "998,082 400 

1927 | 2'660 15,569,196 | 667,584 247 
1933 | 985 3,073,469 | 485,682 
1916 | 755 a} 8.052 
1914 | 1,235 z'| 166,896 

2" 

y y! 3,204 
1917 | 3,790 25,123,269 | 380,498 

1921 | 2'410 14'859,020| 350,994 328 

1924 | 1'990 14'359,355 | 711/504 261 
1923 40 y! 0 
1934 | 1,740 1,205,751 | 369,660 
1935 | "750 1'456,106 | 364,902 
1924 | 685 9,751,813 | 539,118 
1924 | 325 512,755 | 21,960 
1924 | 265 vi} 121'512 
1939 | 700 91,089| 36.966 
1937 80 40,427| 10,248 
1918 | 925 10,214,406 | 198.738 
1926 | 100 ¥ 6.954 
1921-37 | 315 y'| 180/438 
1939 | 100 58,221| 32,940 
1920 | 1,260 4,091,463 | 147,498 
i919 | ‘910 5,781,637 | 121/878 
1920 | 2,630 vl 519/354 
1915 | 575 1,463,901} 62,952 

1937-30 | 40 316,732 | 109,800 1 


3,245,191 

147,120 
yt 

5,810,356 


96,624 
16,470 
36,600 
267,180 


1922 170 y 23,790 

1935 80 yt 6,222 

1937-39 180 26,355 8,418 

1,196,571 497,028 

1920 500 yt 127,368 
37,251,532 


528,855,356 | 16,042,878 
4,776,872,054 |150,014,249 


Gas Oil-prodagl ' 
Area Proved, : A Produc-| Number of Oil and/or ne 
8 ‘A pet: Total Oil Production, Bbl. aaa’ Gas Wells a 
Millions 


1940 


a End of | Number of 


ng 
1949] 1940 | Wells 
3 Pro- = 
2 ducing 4 & 
aE 
ia "a 
ceed i; . | ol 
50] 319] y vi 
3 46 46} 
98 98 3 
273 278 | 
13 | 1,912 1,912 } 
66 | 805 3a | 
4] 319 319 } 
220 220 ) 
311 See 85 | 
ah et i 
2 2! 
5 bi 
7 
a] aft] | ltl 
176 in| 
16 168 168 3 
1 1| 
39 98] y yi 
4 56] y H 1 
188 188 | 
1 49 
37 
7 10| y 
1 : | 
6] 159 15 
5 | 
9 34 } 
2 
92 g 
72 ; 
8] 271 
62 
1 
3 144 144 
7 
1 23 
8] 635 é 
19 9 
2) y 
2 2 
8 21) y 
90 
7,014 


962 | 54,895 


Initial 


| Repressuring Operation? 


Char- 
acter 


60°F., Weighted 


Gravity A.P.I. at 
Average 
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TABLE 1.—(Continued) 


- 


Producing Formation 
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Deepest Zone 
Tested to End of 
1940 


Name 


Deese 
Various 


Pontotoc and Deese 

Simpson, Oil Creek, 
Fox sand 

Deese 


Various 

Hewitt, Viola 
Deese, Hoxbar 
Deese, Arbuckle 


Deese 

Pontotoc 
Pontotoc, Deese 
Pontotoc 
Various 


Cisco, Hoxbar 

Pontotoc, Simpson 

Pontotoc 

Pontotoc 

Granite wash 

Canyon, Reworked 
Arbuckle 

Glenn 

Cisco, Hoxbar 

Hoxbar 

Pontotoc, Conglom- 
erate 

Unidentified 

Stray, Wilson, Pace 

U. Pen 

Permian, Hoxbar, 
Deese 

Deese 

Thomas 

Brown, Blaydes 

Hoxbar, Pontotoc, 


ete. 
Pontotoc, Deese 
Oil Creek, Hunton 


Permian Uncon- 
formity, Glenn 

Pennsylvanian, Ar- 
buckle 

Smith, Brown 

Permian, Glenn 

Permian Glenn 


Deese 
Canyon, Strawn 


Cisco 


Depth, Avg. Ft 
=| ¥ 
> - : s ‘a 3 Name 
aie| 2. |-f | a | 8 a 
8 = 8 g 23 Fb 2 33 
& Pl a i ec cc a as 
a Sa ee -ah  = a Z a ae 
Pen 
Per, Pen § 1,900 1,600 
Pen 8 1,250 2,910 30 
Pen, Ord iS) 30 2,200 2,500 A 
Pen S  |28-30 45-70 | A |Dornicks |5,180 
Hills 
Pen, Ord SL 920 3,500 AF | Arbuckle x 
Pen, Ord 8 |15-20 920 2,700 AF | Arbuckle x 
Pen iS) 30 1,890 4,000 A 
Pen, Ord S |30 60 | AM 
DL 
Pen S | Por y A 
Pen S ly A 
Pen 1,552 2,890 
Pen 
Gw 1,640 2,100 
8 
2,100 2,400 
Pen, Ord SL ly 1,200 1,900 A 
Se § |15-20} 1,700 2,200 15 AF 8,963 
en 
Pen GW | Por 30 D 
Ord L y y y 
Pen 8 1,180 1,610 25 
1,100 
2,095 2,101 6 
L 1,091 1,107 16 
§ 6,893 6,927 34 
8 1,400 1,800 
U Pen 8 800 1,900 
Per, Pen 1,100 1,250 
Pen 8 5,578 5,614 36 
1,700 2,300 
1,700 2,300 
1,600 2,300 
Pen s 850 1,550 
Sil-Dev 7,554 7,625 71 
340 
Per, Pen 580 370 10-5 \ 
1,000 25 
Ord, Pen 
Pen 2,000 2,025 25 } 
2,100 2,155 55 
Per, Pen 350 1,700 
4 ; rea 2,300 
Per, Pen ’ | 
ino \ 1,850 | 100 
Pen 8 
Ord Ls 3,081 
4,215 4,218 3 
1,540 1,700 19 
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a unit with a pressure maintenance pro- 
gram in effect. 

Byars.—In this late 1939 discovery, 11 
oil wells, with an average initial of 1000 
bbl., and two dry holes were completed 
during the year 1940. Despite the high 
initial rate, however, the wells were produc- 
ing an average of only ro bbl. at the end 
of the year. The Viola limestone is the 
producing horizon. 

Bebee.—Illustrative of development in 
old pools that is sustaining Oklahoma’s 
production remarkably well is the Beebe 
pool, where 48 oil wells having an average 
initial production of 150 bbl. were com- 
pleted in 1940. Daily average production 
was thereby increased from 2400 bbl. in 
1939 to 4800 in 1940. 

Oklahoma City.——Development in this 
great pool continued during the year, 
principally between the older south area 
and the more recently developed Mansion 
area around the State Capitol; 29 oil wells 
averaged soo bbl. daily per well. Production 
was sustained at 97,600 bbl. daily, a decline 


TABLE 2.—Summary of Drilling Operations in Oklahoma 
Important Wildcats Drilled in 1940 
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of only 200 bbl. from the previous year’s 5 
daily rate. A serious effort is being made to ) 
unitize the Wilcox sand producing area, , 
from which almost all of the current pro- - 
duction is coming, in order to institute: 
repressuring operations. This is» undoubt- - 
edly one of the most ambitious repressuring 5 
projects ever conceived by Mid-Continent t 
operators. The Oklahoma City pool has; 
produced more than 500 million barrels of [ 
oil, of which approximately 385 million} 
barrels have come from the Wilcox sand, , 
which averages too ft. in thickness over ant 
area of 7000 acres. Further progress on the ! 
project is dependent on legislative action | 
resulting in compulsory unitization, as the : , 
diversity of ownership of both working; 
interest and royalties makes private agree : 
ments impossible of attainment. 

St. Louis —The St. Louis pool continual 
as the most active area in the Greater * 
Seminole district, with the completion of i 
38 oil wells averaging 400 bbl. initial. , 
Production declined from 31,100 bbl. daily 
in 1939 to 25,800 daily in 1940. 


Location 


] ‘ 
: 
County Surface Formation Deepest Horizon Tested : 
i 
Sec. | Twp. | Ree. { 
| 
a eS ee 
1} Marshall j.4.664:00 | 28 58 | 7E | 5,640 | Washita (Cretaceous) Simpson (Ordovici: ‘ 
2 | Okfuskee. ...| 36 | 11N] 8E | 3,476 | Francis (Pennsylvanian) emeesteet ie 
3 | Lincoln. . 6 | 15N| 5E | 4,635 | Pennsylvanian and Permian Wilcox (Ordovician) j 
4| Lo 3 17N} 4W| 4,908 | Lower Enid (Permian) Lower Layton (Pennsylvanian) 
5 | Pottawatomic....... 4 11IN/} 6E 4,688 | Pennsylvanian and Permian 2nd Wilcox (Ordovician) 
| CROAK: ie ocstais,sis'e pier 31 | 15N] 7E | 4,119 | Pawhuska, Elgin, etc. (Pennsylvanian)| 2nd Wilcox (Ordovician) 
7 | Seminole 3 | 11N] 8E | 4,157 | Francis (Pennsylvanian) Sylvan (Silurian) 
8 | Stephens 9 1S | 4W] 6,310 | Clear Fork and Wichita (Permian) | Springer Pennsylvanian) ‘ 
9 | Tillman 10 28 {19 W| 6,750 | Clear Fork and Wichita (Quaternary) | Simpson (ocaeetant 4 
10 | Marshall 14 6S | 6E | 5,890 | Washita (Cretaceous) Arbuckle (Ordovician) 4 
11 PVs Cn ateacae 22 1N| 1E] 5,005: lores (Pennsylvanian and Per- | (Pennsylvanian) { 
12 | Washita 16 8N{/16W| 8,000 Day Gresk Dolomite and Whitehorse | Granite wash ; 
sandstone (Permian) 
13 | Beckner............ 4 9N|25W| 3,718 | (Quaternary) Woodward (Pennsylvanian) 
14 | Dewey... 31 | 18N]14W!] 9,475 | Woodward (Permian) Lower Cherokee (Pennsylvanian) — 
15 | Kingfisher 15 | 18N] 9Wy| 9,405 | Upper Enid (Permian) Marshall (Ordovician) ’ 
16 | Kingfisher 30 | 18N] 5 WJ] 8,226 | Lower Enid (Permian) Wilcox (Ordovician) 
17 | Garfield. . 21 | 21N] 4W!] 6,543 | Lower Enid (Permian) Wilcox (Ordovician) qy 
18 | Garfield............] 12 | 21N} 3WJ]_ 5,750 | Lower Enid taaak 2nd Wilcox (Ordovician) 
19 | Garfield............ 23 | 23N| 6W| 6,039 | { (Quaternary) Wiloox (Ordovicssa) 


Quaternary) (Permian) 


1 f = flow pressure. 
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Cement.—In this pool, which has been 
consistently active for the past three or 
four years, 46 oil wells were added in 1940. 
Average initial production was approxi- 
mately tooo bbl. per well. Four gas wells 
and 16 dry holes were also completed in 
the pool, the gas wells averaging 35 million 
cu. ft. initial. Production is greatly cur- 
tailed because of limited pipe-line facilities, 
the average being 6770 daily, an increase 
of 1750 bbl. over the 1939 average. 

Of the 227 wildcat wells drilled in the 
state during the year, 19 have been listed 
on Table 2. Most of the discoveries were in 
the immediate proximity of old producing 
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areas and this is true also of the bulk of 
wildcatting during the year. Western and 
southwestern Oklahoma were accorded 
increased attention and the discovery of 
the Cumberland pool in Marshall County 
naturally stimulated interest in the south- 
ernmost part of the state. The wells listed 
were selected because they have had or are 
expected to have the greatest effect on 
immediate drilling programs, because they 
were drilled to considerable depths, or were 
located in areas where the information 
gained by their drilling was considered of 
most importance. 


TABLE 2.—(Continued) 
Important Wildcats Drilled in 1940 


Initial Pro- Pressure, Lb. 
duction Pet | Choke or per Sq. In. 
; Bean, 
Drilled by Fractions Remarks 
Oil of an Inch 
U.S. Bbl. Casing Tubing 
1| Pure Oil Co. 4,518 gets 1,150 PB 5,100 
2 Drilli 456 
3 a it Drilling et al. 311 3664 f1 500 f 300 | PB 3,555 
4 | Dancinger Oil Co. 200 4 f 500 
5 Seed ge al. a PB 3,278 
6 | Shell Oil Co. 
7 | Droppleman et al. 800 f 340 PB 3,612 
8 | Sun Oil Co. . Dry and abandoned 
9 | Cline et al. Dry and abandoned 
10 | Johnson et al. Dry and abandoned 
11 | Kerlyn Oil Co. Dry and abandoned 
12 | Continental Oil Co. Dry and abandoned 
13 | Fred Coogan Dry and abandoned 
14 | Magnolia Petr. Co. Dry and abandoned 
15 | Olson Drilling Dry and abandoned 
16 | Phillips Petr. Co. Dry and abandoned 
17 | Fain Drilling et al. Dry and abandoned 
18} Magnolia Petr. Co. Dry and abandoned 
19 | Champlin Ref. Co. 75 Dry and abandoned 


Number of wells drilling Dec..31, 1940: 2.0.0... 2.0.5. cee sten enti e eee ceee een wees 


Number of oil wells completed 


Number of gas wells completed during 1940...............-- 0. sce e reese neces eens 
nyaekice of dry holes completed during 1940..............6.. csc cece eee eee eee es 


In Proven Fields | Wildcats 
pe 
EOE Ts aN ie reer 4 SOREN nt ca eer 
ecetecy’ 156 16 
483 168 
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Oil and Gas Development in Northern and Central Pennsylvania 
during 1940 


By ArtHurR C. Stumons * MemBeR A.I.M.E. 


Propuction of oil within the state of 
Pennsylvania in 1940 was slightly more 
than the 1939 total, and this increase was 
due entirely to the new flush Music Moun- 
tain field south and west of the main Brad- 
ford pool. The influence and magnitude of 
Music Mountain production will be sepa- 
rately described, inasmuch as it is an 
important producing unit within the state. 


PRODUCTION 
Bradford Field 


The production listed herein for Brad- 
ford field includes only the part of the field 
that is within the state of Pennsylvania. 
Approximately 4000 bbl. per day, or ro per 
cent of the total production of Bradford 
field comes from Cattaraugus County, New 
York, and should properly be attributed to 
production obtained within the New York 
state area, although locally and economi- 
cally the Bradford field, situated both in 
New York State and Pennsylvania, is 
included as a single statistical unit. 

The 1940 average production in the 
Bradford field was 34,831 bbl. per day, as 
compared with a daily average in 1939 of 
35,340 bbl., or a decrease from 1939 of 509 
bbl. per day. The decrease in production 
from the Pennsylvania portion of the 
Bradford field would have been more 
pronounced if a portion of the crude from 
the Music Mountain field were not included 
with the statistics for Bradford field. The 


Manuscript received at the office of the Institute 
Feb. 18, 1941. 
* Geologist and Petroleum Engineer, Bradford, Pa. 


decline can be attributed largely to the 
fact that more properties of lower average 
recovery were being drilled in 1939 and 
1940 than in previous years, and apparently 
a subnormal amount of drilling occurred in 
1938 and 1939, when about 2100 wells were 
drilled each year. The full effect of the ro40 
drilling is not felt immediately and un- 
doubtedly will affect the producing period 
of 1941. 

It appears probable that the water-flood 
area in the Bradford field has reached a 
definite peak unless some unusual eco- 
nomic condition should cause abnormal 
prices and an excessive rate of development 
such as occurred in 1936 and 1937. Virtually — 
all of the production in the Bradford field - 
was obtained by water-flooding methods, as — 
natural or stripper wells are uneconomical _ 
and air and gas repressuring have not 
proved so efficient as water-flooding as a __ 
secondary recovery method. 


Central and Southern Pennsylvania 


tt ee A 


Central and southern Pennsylvania pro- 
duced a total of 4,604,763 bbl. of oil during 
the calendar year of 1940; that is, an 
increase over the 1939 total of 166,728 
bbl. The daily average production was 
12,581 bbl., or an increase over 1939 of 
422 bbl. per day. Table 1 includes the total 
oil production for the state of Pennsylvania 
for the years 1937 to 1940, inclusive, and 
the daily average for each of these years. It 
is impractical to make a complete subdivi-. 
sion by districts, consequently the only 
segregation is the production from the 
Bradford field (within the state of Penn- 
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sylvania) and oil production from central 
and southern Pennsylvania. All of the 
increase during 1940 can be attributed to 
the production from Music Mountain, for 
if that production had not been available 
the remainder of Pennsylvania would 
have shown a decline. 
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2348 bbl. The production from that field 
for 1940 is estimated at 1,229,375 bbl.,* or 
a daily average of 3359 bbl. The ro40 
production is approximately 7 per cent of 
the total production within the state of 
Pennsylvania, and because of the rarity of 
new discoveries in the state of Pennsyl-. 


TABLE 1.—Oil Production, State of Pennsylvania 


WwW . = Oil Pro- . 
oe oie dustin, oe 
pleted, | Change] Bradford | Chan Centraland) State of 
Bradford Field 8° | Southern eee eae enante 
Field Bbl.? Pear vania, Bbl. 
Total: 
TOS Jievcyeyea.e AL 15,076,909 4,108,100 19,185,100 
HOSS. crelere'> 2,148 —1,964] 13,417,102] —1,659,807| 4,008,923 | — 99,177] 17,426,025] —1,758,984 
LCR ORG ao 2,114 — 34] 12,800,104] — 517,998] 4,438,035 | +429,112] 17,337,139] — 88,886 
ee cee 3,004 + 890] 12,748,270] — 150,825] 4,604,763 | +166,728] 17,353,042] +  15,903° 
LOS Tak se = 41,300 11,255 52,555 
BOR S/teeistels 36,759] — 4,541 10,983 | — 272 47,742) — 4,813 
BORO st oh, 5,2 35,340] — 1,419 £2,159 | -- 1,576 47,499] — 243 
TOAOe. 0. 6s 34,831) — 509 12,581 | + 422 47,402\)— 87° 


@ Includes oil and water-intake wells and New York state portion of Bradford field. 


+’ Pennsylvania production only. 


¢ Variance between total production and daily average occasioned by 365-day year in 1939 and 366-day year 


in 1940. 


Except in the Clarendon field, Warren 
County, where water-flooding has been 
used with some success, all of the pro- 
duction in central and southern Pennsyl- 


- vania was obtained from “natural stripper” 


wells and by air-gas repressuring. It 
would appear from a study of annual 
productions that the effect of air and gas 
repressuring is not sufficient to overcome 
the normal gradual decline in the remainder 
of Pennsylvania. 


Music Mountain 


The Music Mountain field, situated 


about 9 miles southwest of the city of 


Sy ae io 


17" + 


Bradford and south of the main Bradford 


pool, was discovered in August 1937. How- 


ever, because of economic conditions and 
the state of development, the 1937 and 
1938 productions were nominal. The pro- 


‘duction from the Music Mountain field in 


1939 has been estimated at 857,080 bbl.,* 


or a daily average for the entire year of 


* Producers Monthly. 


vania, the Music Mountain production 
becomes important in any consideration 
of the total production of the state. 

Some indication of the producing capac- 
ity of this field is given in the following 
table of estimated daily average production 
by months for the calendar year 1940: 


Bbl. Bbl. 
Sadictrestepalece osu ses 55 QOOi || J Whyte eo ashe 280 
eb char ccere tears’: GprOoNlWWAte yn cctee cet: I,000 
Moats sorivlivia x (aveteots 65106) Sept waa ernerasee I,050 
Ai acne liec ste he BS BOO COCt ers.» waste asin: ye 1,200 
Maryn uccmmecelsiog che ous © OOO) NOW aro opes ems sha 2,350 
fl icbc\er ean oie BOS Sal LOC ern erse ae sakes cis 4,840 


With a 1040 daily average production 
from Music Mountain of approximately 
1000 bbl. per day more than in 1939, it is 
apparent that without it Pennsylvania pro- 
duction would have shown a sharp decline. 
Part of the production of Music Mountain 
field is included with the production for 
Bradford field and part with that of central 
and southern Pennsylvania, consequently it 
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is difficult to separate from the production 
for the Bradford field the production from 
the Music Mountain field included therein, 
and likewise in the central and southern 
Pennsylvania classification. 


CRUDE PRICES AND STOCKS 


A price change occurred on Jan. 1, 
1940, wherein the price of Bradford Alle- 
gany crude oil was increased from $2.50 
per barrel to $2.75 per barrel; and in Table 
2 are included all price changes in the 
Pennsylvania Grade Crude producing area. 
The wide swing in prices is attributable to 
a combined condition of crude storage and 
lubricant prices. The average price in the 
Bradford Field of $2.318 is approximately 
26¢ higher than the average price realized 
in 1939, marking 1940 as one of the better 
years in the past decade. 

The storage of Pennsylvania Grade crude 
oil increased during April, May, July and 
August, and decreased during all other 
months.. The low point was reached on 
March 31, 1940, when there was a total of 
4,010,000 bbl. of Pennsylvania Grade crude 
oil in storage. At the end of the year, crude 
stocks were 4,034,000 bbl., and the low 
value of 4,010,000 bbl. is the lowest point 
of crude storage in recent records. It is 
necessary to include in crude storage 
the crude equivalent of the lubricating 
stocks, and the crude oil plus the crude 
equivalent of the lubricants increased from 
a low in December 1939 of approximately 
7,500,000 bbl. to a maximum in July, Au- 
gust and September 1940 of approximately 
9,800,000 bbl. It appears that regardless 
of slightly excessive stocks of lubricants, 
the Pennsylvania Grade area entered 1941 
in a favorable position for the reason that 
crude storage is at a low point and lubricant 
stocks have decreased from their excessive 
amounts reached in the fall of ro4o. 


DRILLING AND DEVELOPMENT 


Well completions in the Bradford field 
totaled 3004 during 1940, which is a gain 


of 890 over the 1939 total of 2114. This 
record of well completions includes both oil 
and water-intake wells within the entire 
Bradford field and cannot be segregated 
except on a pro rata basis into the Pennsyl- 
vania portion of the Bradford field and the 
Cattaraugus County, New York, section 
of the Bradford field. The excessive drilling 
of 1937, when 4112 wells were completed, 
was entirely liquidated by the end of 1930, 
and 1938 and 1939 completions were prob- 
ably subnormal. It appears probable that 
the 1941 well completions within the Brad- 
ford field will equal and perhaps exceed the 
total of 3004 wells drilled in 1940. Approxi- 
mately one-half of these wells are water-in- 
take wells and the remainder are producing 
oil wells. Approximately 120 wells were 
drilled in the Music Mountain field during ~ 
1940, with a segregation as follows: produc- 
ing wells, 109; gas wells, 3; dry holes, 2; 
gas-intake wells, 6. Further attempts were 
made to extend the producing area of the © 
Music Mountain field, but these were 
unsuccessful. 


TABLE 2.—Price Changes during 1940 


Brad-| Alle- |S. West} West . 
Date ford | gany Pac Va. Ohio 
Jans Wt. aan $2.75 |$2.75 | $2.40 |$2.34 |$2.30 
May aa%.,.2000 S350) 2250 halts 2.09 | 2.05 
June 18,..... 29S 2.45 1.90 1.84 | 1.80 
SRLS SERS Aha he 2.00 | 2.00 1.65 250° | rss 
AURS BBs 1.85 | 1.85 1.50 1.44 | 1.40 
INOVsiE Sin vik 2.00 | 2.00 1.65 1.§0 |°L. 35 
Dec. 17. BES i aars 1.80 Lagan bao 
Average...... 2.318] 2.318] 1.960] 1.909 


OrISKANY GAS 


Many unsuccessful tests were drilled to 
the Oriskany horizon during 1940, and no 
new fields of major consequence were dis- 
covered. The older fields are still productive 
and one interesting operation in gas storage 
is being conducted. The Farmington field, 
Farmington township, Tioga County, | 
Pennsylvania, was the first large Oriskany 
gas field within the state of Pennsylvania, 
and a portion of this field is being success- 
fully used for gas storage, thereby minimiz- 
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ing and alleviating peak-load conditions on 
other producing fields and distributional 
facilities. 


NEw DEVELOPMENTS 


Few, if any, radically new developments 
occurred in the water-flooding districts of 
Pennsylvania, although with the gradual 
exhaustion of natural gas as a fuel supply 
on water-flooding operations, there is more 
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and more emphasis on the use of purchased 
electric power. There is a decided trend 
toward the use of individual electric pump- 
ing units, and many water-pressure plants 
are operated by electric power. 

Extensive research on water-flooding is 
being continued by the Bradford District — 
Producers Association to find a better 
technique in the production of oil by water- 
flooding methods. 


Oil and Gas Developments in Southwestern Pennsylvania 
during 1940 


By Joun T. Gatrey,* Memsper A.I.M.E. 


Propuction of crude oil for 1940 in 
southwestern Pennsylvania was off nearly 
70,000 bbl., largely as a result of the great 
number of abandonments, together with 
the lack of extension of the Washington and 
Green County pools. Oil wells completed 
numbered 51, which is 26 more than last 
year, but the total initial production of 
259 bbl. is only 18 bbl. greater than in 
1939. There was an increase of 72 over last 
year for a total of 209f gas wells. However, 
68} dry holes were drilled, which is 40 more 
than a year ago. Thus, 328{ wells were 
drilled during the year, and rigs are erected 
or drilling is progressing on 59f more. 


SHALLOW DEVELOPMENT 


Oil.—Butler County led in number of oil 
wells completed, with a total of 27 for an 
initial production of only 69 bbl. Washing- 
ton County, with 12 new oil wells, one of 
which made 4o bbl. from the Fifth sand in 
S. Franklin township, has 95 bbl., while in 
Allegheny County 9 wells gave an initial 
of 86 bbl. for the highest per well average 
in the area. This initial was given a con- 
siderable boost by one 35-bbl. and another 
25-bbl. well in West Deer township, where 
the Fourth sand produced at 1840 feet. 

Greene County had only one oil well 
completed during 1940, and Washington 
County had 12. The subnormal totals for 
these counties may be explained by the 
higher cost of completions and the declining 
price of crude. The first price change in 
crude during the year occurred on May 
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+ These figures include both new and old wells 
drilled to deeper horizons. 


22, when a 25¢ cut was made. A second 
25¢ cut was made July 12, and was followed 
by a 15¢ cut on Aug. 28. This price held 
until Nov. 12, when there was a restoration 
of 15¢. On Dec. 17 a second 15¢ increase 
was put into effect, bringing the price to 
$1.80 per barrel. 


GAS 


The large increase in the number of gas 
wells completed may be attributed to three 
factors; namely, the recently discovered 
production possibilities of moderately deep, 
hitherto little tested horizons, together with — 
increased demand and price. The latter 
has been made possible by a recent decision 
of the court, which ruled restraining the 
Public Service Commission’s prohibition of — 
a raise in the minimum monthly charge to 
small consumers by one of the major gas 
companies. A portion of the revenue de- 
rived in this manner is being passed along ; 
to the producer in the form of higher prices 
in the field. This higher field rate will 
remain in effect until a new ruling is made, 
when it will be reduced in proportion to the 
reduction of the monthly minimum charge. 

In an effort to extend the Chambers 
Dam Fifth sand oil pool southwest from 
Amwell township, Washington County, 
several wells have been drilled. One of 
these, in Morris township, Washington 
County, had an initial of 3.2 million cu. ft. | 
open flow from the Big Injun sand. This 
indicates an entirely new productive area 
for the latter horizon. 

Allegheny County had one spectacular 
well in South Fayette township—at a 
depth of about 2500 ft. a 4-million-cu. ft. 
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gasser blew in. Although the rock pres- 
sure was 600 lb., the well suffered a rapid 
decline and now produces slightly more 
than o.r million cu. ft. per day. 

Armstrong County leads in number of 
gas wells completed, with a total of so. 
Many of these were small wells drilled to 
the Bradford sand. Only one had an initial 
of as much as 1.4 million cu. ft. and that 
was from the Murraysville sand at a depth 
of 1354 ft. in Kiskiminitas township. 
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On a southwestern extension of the trend 
in Monongahela township, Greene County, 
one 4-million, two 5-million, and one 
t-million-cu. ft. wells were encountered in 
the Big Injun. The closed-in rock pressure 
is 275 lb. per sq. in., and while that is not 
virgin pressure, the area now shown to be 
productive in Fayette and Green Counties 
is large enough to be of real consequence. 

Jackson township, Greene County, had 
one well with an initial of nearly 2 million 


TaBLE 1.—Wells Drilled for Oil and Gas in Southwestern Pennsylvania during 1940, 
Together with Initial Oil and Gas Production Developed 


Cc Number oie Number Initial Number Drilling 
ee Gas Wells | Thousand’| Oil Wells | ,PtOdue- | Dry Holes | #8 Of Dec. 
Cu. Bt ion, Bbl. 30, 1940 

BESSON cyeie. ccs a ¢-&\ oie d-siancierPieveres eave 6 4,500 9 86 4 None 
IRIS EOL Dictatiai ale vin! se.s.a¥elsic ctel$%s sate 59 10,248 I 5 9 14 

RAEN Leet eMCh ota sich ovtalic! ohcon, evs) eave weit etm, exe None None I I 2 None 
BSEME OL cove es chtey aie) dilsla eel oi's)a/a)se"'si ac al oes 8 10 7509 27, 69 8 8 
Mp eth Cigar: cysts aches slayer Wofole, 01s wraie's & 6) 0% 24 27,958 None None I 8 
(SBS a Seada 5 [rq OOS CACAO DOF See oe 39 27,393 I 3 4 15 
Beaall stead Clieteper uray ay teat ah aye rascte tas donnie. Se, sos 24 5,506 None None 26 3 

BE WLe UACO stele serch (aveaatevne Hive easusl Nioae I 50 None None None None 
BASIN DE TOM. sivas svc. sci finret.are oe 24 11,266 12 05 Io 6 
RWestmOrelanG. cv. cmec cases oe neeles 22 3,225 None None 4 5 
Bo altars sala e/k.givtard Si cuando Ooo sus i 209 90,806 5k 259 68 59 


* Totals include deepening operations. 


y Estimated. 


A number of good wells were completed 


_ in Fayette County; Menallen township had 
_ three Big Injun sand completions with open 


nay 


* 


flows of x million cu. ft. or better. One well 


_ in this township that failed to produce from 


the Big Injun was drilled to the Fifty-foot 


3 sand, where at 1873 ft. an open flow of 1.3 


million cu. ft. with a shut-in pressure of 


815 lb. per sq. in. was encountered. This 
is an entirely new productive horizon in 


eh Oe 


this locality and might well prove to be of 
some extent. Nicholson township had one 
2.5-million-cu. ft. Big Injun sand well and 
another had nearly 0.6 million cu. ft. from 


_ the Fifth sand at 2398 ft. An open flow of 
_o.r5 million cu. ft. was encountered in the 


Bradford sand at 3705 ft. near the Perry- 


Franklin township line. Thus the ability of 


 ,’ 


“ 


PR ee 


several sands below the Big Injun to pro- 
duce in this area has been demonstrated. 


cu. ft. from the Fifty-foot sand at 2950 ft., 
while the same sand gave an open flow of 
over 1.5 million cu. ft. from a depth of 
2420 ft. in Somerset township, Washington 
County. The latter locality also had a 
3.6-million-cu. ft. gas well in the Fourth 
sand at 2815 feet. 


DEEP-SAND DEVELOPMENT 


The notable development in deep-sand 
exploration during the year was the proving 
of the existence of an Oriskany-sand gas 
pool at Summit, Fayette County. Deep 
drilling was confined entirely to Beaver and 
Fayette Counties during 1940. In Fayette 
County, where the southeasternmost test 
in the state is being drilled in Stewart 
township, on the Gregg Nell tract, a depth 
of 8002 ft. has been reached. The top of the 
Tully limestone was encountered at 7790 


. | 
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ft., and indicates that the Onondaga lime- 
stone will lie 500 to 700 ft. lower than the 
depth predicted by the seismograph. How- 
ever, it is believed that the hole has crossed 
over to the downthrough side of the fault 
shown on the surface. This is borne out by 
the drill cuttings from 7120 to 7440 ft., 
where serious drilling difficulties prevailed. 


Oriskany and obtained approximately 1 
million cu. ft. of additional gas. Piedmont 
Coal & Coke No. 2, a new well, found 2.4 
million cu. ft., most of which was from the 
Oriskany. Four additional wells are drilling 
to the Oriskany in this pool. 

An Oriskany test of a seismograph 
closure is being made on the Elmer Pflug 


TABLE 2.—Deep Drilling in Southwestern Pennsylvania during 1940! 


- Py a 
§ bo 3 
County Township Name S 2 Ls) 2 Remarks 
Bel ao| 6s 3 
22 |.7e| ge 3 
ae Pe) 5 & 
Beaver. ...... S. Beaver Tennis Hrs. 983] 4,243] 4,405 | 4,599-| 6,015— Show gas 6260 
No. 13 at 4,670 | 6,290 ft. Red Med- 
ina, 6588-6663; 
White Med- 
ina, 6663-6761 
Beaver....... New Sewick- tg 
ley Pflug No. 1 1,153 Drilling 
Fayette...... Stewart Neel No. 1 2,566] 7,790 Shut down 
8004 ft. 
Fayette...... N. Union Sorg No. 2 2,511| 6,350 Cementing in 
Marcellus 
Fayette...... S. Union Heyn No, 13 2,316 6,793 1.4 million’ 
Fayette...... S. Union Heyn No. 23 2,464 6,834 2.2 million 
Fayette?. 2". S. Union Heyn No. 3 2,314 Drilling 
Fayette...... N. Union Piedmont Coal | 2,176 7,0424 13 million’ 
No. 1 R. P. 1400 ft. 
Fayette...... S. Union Piedmont Coal | 2,024) 5,720] 6,3814 eae 2.4 million® 
No. 2 6,4212| 999% R. P. 2200 ft. 
Fayette...... S. Union Piedmont Coal 
No. 3 2,405| 6,048 Drilling 
Fayette...... S. Union Piedmont Coal 
No. 4 2,491 Drilling 


1 Including deepening operations. 
2 Top chert. 
3 Deepened. 


SumMMIT PooL 


The second Oriskany-sand pool in south- 
western Pennsylvania was proved during 
1940 to lie below the Onondaga limestone 
production at Summit, Fayette County. 
Piedmont Coal No. 1 well, N. Union town- 
ship, after finding over 4 million cu. ft. in 
the Onondaga, was later deepened to the 
Oriskany, and at 7054 ft. an open flow of 13 
million cu. ft. of dry gas was found. It is 
now believed that the production in this 
well is separated from that in the main 
Summit pool. Heyn No. 1, the discovery 
well, which a year ago was deepened into 
the Onondaga and yielded a large increase, 
was drilled into the Oriskany, where an 
additional 1.4 million cu. ft. was found. 

Heyn No. 2, which had been a small well 
in the Onondaga, was deepened to the 


4 Producing horizon. 
5 Total initial open flow from Onondaga & Oriskany. 


farm, New Sewickley township, Beaver 
County. Starting at a surface elevation of 
1153 ft., the Onondaga is expected at a 
depth of 5270 feet. 

For the first time in southwestern Penn- 
sylvania and the first time on proven 
Oriskany closure in Ohio or Pennsylvania, 
the Lockport dolomite and Medina sands 
were tested by the James Tennis Hrs. No. 1 
well, South Beaver township, Beaver 
County. The test was unproductive. It is 
notable that this hole was carried to its 
total depth of 6823 ft. through only 920 ft. 
of 85g-in. o.d. casing. 


GEOLOGICAL DATA 


A temperature observation was made on 
the James Tennis Hrs. No. 1, where 128°F. 
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was recorded at 4577 ft. and rss5°F. at 
6800 feet. 

Estimated depth of the Lockport dolo- 
mite in this well proved to be short of the 
depth at which it was actually found, which 
may be attributed to the abnormal thick- 
ness of the Salina section. Depth to the 
Medina was also greater than anticipated, 
possibly as a result of a combination of the 
former plus an abnormal thickening of 
the shale interval between the bottom of the 
Lockport and the Medina. This abnormal 
thickening may well be the result of flowage 


_ toward the top of the structure, similar to 


that which takes place in the formation of 

nonpiercement types of salt domes. 
Previous to the deepening of the well, it 

had been possible to project closed struc- 


tures from the Oriskany to both the 


Lockport and the Medina by means of 
- Oriskany-Lockport and Oriskany-Medina 


convergence. When the well, completed 


~ through the Medina, was employed in the 


convergence picture, the relief of the closure 
was somewhat diminished, as is indicated 
from the thickening of the above mentioned 


_ intervals. Thus the structure it is possible 
_to project below the Oriskany by means of 


Oriskany-Lockport and Oriskany-Medina 


_ convergence has greater relief than that 
actually found. 


This is the converse of the result obtained 
by projecting a Berea structure to the 


Oriskany by means of Berea-Oriskany 


convergence, for a thinning of the Berea- 
Oriskany interval over the axis of the struc- 
ture increases the actual relief over that 
which it is possible to project. 

An interesting observation has been 
made recently in the Summit pool, Fayette 
County. In the Piedmont Coal & Coke No. 
1 well, South Union township, the Oriskany 
had little gas, as it was tightly cemented 
with calcite. The Onondaga limestone rests 
directly on the Oriskany sand in this well. 
The Piedmont Coal & Coke No. 2 well, also 
in South Union township, had loose Oris- 
kany sand and most of the production comes 
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from that horizon rather than from the 
Onondaga. Here a shale break intervenes 
between the Onondaga and Oriskany. 
Sufficient study has not yet been made of 
all Oriskany wells in the area to determine 
whether or not some relationship exists 
between the presence of this shale break 
and the occurrence of Oriskany production. 


SEISMOGRAPH WORK 


Several of the major oil companies that 
of late have come into eastern Ohio are 
doing seismograph work in the western tier 
of counties. They have been able to get 
almost double the number of depth points 
per day that have been obtainable hereto- 
fore. By their rapid method, they have been 
able to carry long continuous profiles, which 
have never before been attempted in this 
part of the country. Several favorable 
structures have been located apparently, 
as some large blocks of acreage have been 
taken. 


PRODUCTION TECHNOLOGY 


When the James Tennis Hrs. No. 1 well 
had proved dry after being drilled through 
the Medina sand, it was plugged back to 
the Oriskany sand and acid treatment was 
attempted in order to increase the produc- 
tion from that formation. Chunks of 
Oriskany sand, taken from the hole after 
a shot, were treated, and there was every 
indication that acidizing would yield some 
result. However, the tubing immediately 
above the packer unfortunately collapsed 
and the treatment was unsuccessful. 


PIPE-LINE CONSTRUCTION 


The Pittsburgh subsidiaries of one of the 
major gas companies several months ago 
completed a 117-mile pipe line, which will 
carry West Virginia gas from existing 
facilities near Monaca, Beaver County, to 
the New York State line at Knapp Creek, 
Bradford County. Sixteen-inch welded mill- 
coated line extends from Monaca 12 miles 
to near Ellwood City, Lawrence County, 
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where a dehydration plant and t1ooo-hp. 
compressor station having a discharge 
pressure of 350 lb. per sq. in. was erected. 
From this point a 12-in. treated composite 
line was laid for 6 miles north where a tie-in 
was made with a to-in. line extending in an 
easterly direction to the remodeled com- 
pressor station at Rimersburg, Clarion 
County. Twenty-eight miles of t1o-in. 
composite line was constructed from here 
to Truittsburg and thence to the Iowa 
compressor station at Brookville, Jefferson 
County, where a second tooo-hp. com- 
pressor station capable of maximum dis- 
charge pressure of 800 lb. was erected to 
supplement existing facilities. Solid welded 
8-in. line then extends 71 miles from 


Brookville through the Bradford oil field 
to the New York state line. 

Construction cost was estimated at 
$1,800,000 and time required was approxi- 
mately 1o weeks, which is remarkable 
considering the terrain traversed. A daily 
average of approximately 7 million cu. ft. of 
gas is being carried by the line. 
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Oil and Gas Development in the Rocky Mountain District in 1940 


By C. E. SHOENFELT,* MrempBer A.I.M.E. 


THERE was a notable decrease in drilling 
operations in 1940 in all of the Rocky 
Mountain states except Montana, where 

the two large fields on the Canadian border, 

Cut Bank and Kevin-Sunburst, were espe- 

cially active. The expanding markets for 
Montana natural gas made necessary the 

more intensive development of such fields 
as Bowdoin, Cedar Creek and Devon. 

While there were no important oil and 
' gas discoveries in 1940 in any of the Rocky 
~ Mountain states, a few small pools were 

opened, which may constitute separate 
areas but may prove with later develop- 
ment to be extensions of old fields. Some 
_ of the old fields were extended and deeper 
_ pay zones were discovered in others. These 
_have given the areas greatly increased oil 
“reserves and therefore are just as important 
_as the discovery of new fields. 
_ The more important of the developments 
_in 1940 are given, by states, in the following 
_ paragraphs. 


4 COLORADO 


Hiawatha Field, Moffat County—The 
Mountain Fuel Supply Co. began the de- 
velopment at Hiawatha of its oil reserves, 
which were discovered in about 1929, and 
late in the summer oil began moving from 
the field by truck to the shipping point at 
Rock Springs, Wyoming. 

' The Hiawatha field of northwestern 
“Moffat County was discovered in 1927 by 
the Sormir Petroleum Co., with the com- 
pletion of No. 1 Florence Wilson for 
B45,000000 cu. ft. of gas a day from a 
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Wasatch sand lens at 2200 ft. In later de- 
velopment of the field, oil showings were 
reported in several wells but no develop- 
ment of this resource was undertaken until 
1940, when a test of the oil possibilities 
was started with the release in April of a 
location for No. 5-A Wilson on the SW. 
SW. NW. of sec. 23-12N-1ooW., on the 
east side of the field. The well had an 
initial production of 327 bbl. of oil a day 
pumping from three Wasatch (Tertiary) 
sands between 2005 and 2540 ft. It was 
drilled to 2562 ft., where the 65¢-in. casing 
was cemented and gun-perforated at 2005 
to 2125 it., 2260 to 2335 ft. and 2513 to 
2540 ft. At the end of the year, this well 
was averaging 200 bbl. of oil per day, 
pumping. Two other wells were drilled for 
oil on Hiawatha during the summer—one 
a small well of 60 bbl. per day and the 
other a small gas well. 

Powder Wash Field, Moffat County.—The 
development of the Powder Wash field in 
northwestern Colorado was resumed in 
1940 by the Mountain Fuel Supply Co., 
with the release of a location for No. 2-A 
Musser in the CWL.NW.SE. of sec. 
4-11N-97W. The Powder Wash field was 
discovered in 1931 by the Mountain Fuel 
Supply Co. and the discovery well, No. 1 
Musser, on C.NW. of sec. 5-11 N-97W., was 
completed at 2152 ft. in the Hiawatha 
member of the nonmarine Wasatch for- 
mation for an open flow of 34,000,000 cu. 
ft. of gas per day under a natural pressure 
of 685 Ib. per sq. inch. 

Oil was discovered in the Powder Wash 
field on Nov. 26, 1936, in the company’s 
No. r Carl Allen on the NE.SW.SE. of 
sec. 32-12N-97W. The oil production was 
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OIL AND GAS DEVELOPMENT IN THE ROCKY MOUNTAIN DISTRICT IN 1940 


TABLE 1.—Oil and Gas Production in Rocky Mountain District 


Area Proved, Acres | Total Oil Production, Bbl. 


Field, County 
: 
Za 
ag 
3 
COLORADO 
} | Berthoud, Larimer s: ccbid i. 2 tea ce sk bale tue hee teehee 1927 510 320 57,242 3,060 
2 Boulder, Boulder co caccc «,- cRac tae are xin paises Ald De etibeisiy eo eet 1902 400 649,784 4,405 
O | Hlorencn, Fremontecs.. dec udnrtch dence bees bcaa. mae ne aaa neenee 1862 9,000 13,679,326 55,458 
A VREN COMBS Ae Oriia ne Rac le es sehr er eee ee ea ee 1923 400 2,186,882 56,395 
6 | Gravois: Lae Animas: 3. Fo .8 iae Dge ee tea oe swale Seid the tats eyaie ace era 1927 640 
6'| 'Greasewood:! Weld.) a5 .giemicniar een atlcins 14 ale titerico ts mates: 1930 200 463,690 8,857 
Vt Hamilton’ Mogats.% seed ir nee terete he ae ean ren ae areata ie ees 1924 400 5,681,527 111,217 4 
8: Hiawatha, 20S ab tensa tan at ose Nehrcw einer eee ecm 1928 640 3,180 147,232 96,674 
Gil Slog: Moh abe eivear tee crck cs pactaeis en taal rien een eet eee 600 8,517,903 580,262 
PO EGE Lares A WANN ocr dk ona cok Ms ce ane bce age nd ee aS 4,380 
Ma) Rangely, let) BIANCO Me shass-s ve ccacevvapiarast Miotele eee ema eats ain 320 748,954 118,258 
12)| Phornburg, Rio Blanco. 5.2 oeim et sures oe acy eae we es arieeee 350 
13 i Bow Creglcs aut = reas cath gk oe eeelae cc isle tee nines 200 1,688,357 50,752 
14 | Walden, Jackson.............. 320 85,366 Qu 
15 | Wellington, Larimer....... 1,000 4,849,614 71,533 
16 | Price, Archuleta........... 200 859,414 304,877 
17} Wilson Creek, Rio Blanco 640 419,451 239,796 
dV Border lonley tha coitimt, facet i atta inr tere eaten 1930 450 1,060,133 28,838 
2 | Bowdoin-Saco. . 1916 100,000 
3 | Bowes, Blaine. . 1926 3,000 
AN Mamaia Bah. Nos, 3 A oa oe oes SR eae ao acer ae: 1931 900 
BAU CLOG 5 oh cin cL Acer toed a ena ct eas) eae a sie a a ae eee 1920 14,840,259 179,298 
6 iret RNG iG Noe oe ae a eet aa ae Mere eee 600 
7 Heoond sand Aye. derokceate ce vas eens, eareieiaity tale tin elie 240 
: — Creek, peed Fallon Und WUGus. qcscsen ete aoa. 1913 
Heb ANN) dictiavsases tops ast Aiairohu aetna en dee Peal es 
9 BECONG BANG ex peas sino ca cite icine ste Hk So lereaciy COON ed { 110,000 
10 Madigon limos. cin diet sscitsnites tatunive Aanberts vad saistaid ae 1936 80 
NM CetBanke Glacter: 6a-ia sti te deh aiechate camie tae eet sates a eet 1932 | 38,000 55,000 | 21,002,146 | 4,109,663 
12 Dry: Crook: Carbon fc aytastoon esis haetuceen ahs atc yeah aante ee 1930 1,685,164 166,737 
13 PRORHONE oo chon Goce Ganeae eee vena No tered oath ee Bion hanes L7 
i: a ot Dak ipesk Sipe Ae wks Ea HS TLR coke eS ne 760 
BAIN Carbone 2 a suncak wo Corie oi fon ee Mania Me eee ae 916 140 40 1,003,784 15,931 
AGi Harding Porn dicronts< tain, coe RL eh wre ntccs a coe ee 2,000 ois 
Ly, | SORVINUN DUNS OO curl Melia ws vie hess ORR eR 1922 | 60,000 37,874,117 | 1,884,170 
ER Rae AGLI, SPSELOGEAT': 11> are cis aleceteieoe emote tere come ee ete ateete 1924 300 1,500 444,359 19,6 
£9 |Ponders; Ponders, Péton ces 1 om dui hisccate pte ert, Paoan matin teh ieee 1927 | 1,600 5,663,417 301,273 
20: Sweeterass. Hills, Labariys LOG. ov 0 x<t. oth amaisate cho ana dweiies 1929 500 8,000 100,962 8,289 
WYOMING 
A Alka Botton MeeMmOnE occ. utd dee oii ort neeiaiien. cee 1928 40 300 i 
PW Alon Lake, Carbon itosaits cnc otras cack ct. omaa en ieee tea cae 1938 200 ak , 
: re ees Ni kay | a digi a \ecctu teeth atts aft okts apana ete ad ead Nei ates, oe 1928 40 8,719 0 
AGRE LIGAND, Ul BRM torah, 5 slates, aa as ote aud ices en tates tree trc RSI 1981 300 
5 | Baxter Basin (South), Sweetwater are 87,351 
6 rontier 1922 7,467 
7 ota 1922 4,310 
8 | Baxter Basin (North), Sweetwater 
9 Dakota 1926 1,280 
10 Sundance 1928 2,280 


1 Wells produce large quantities of COz with the oil—shut in. 


» Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 1.—(Continued) 
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Re ea A A ee A ee 


Total Gas Produc- : F Reservoir Pres- 
ee oe Number of Oil and/or Gas Wells Se etcicn ae ee Pe per Character of Oil 
eae End of 1940 Number of Wells 
2 . ge Avg.at| Gravity A.P.I. 
ae ie | anne! =x ma |e Initial] End of | at 60°F, 
 ¢ S-— 1/8] 8 es! w eT eee 1940 | Weighted Average | .# 
‘ Ss | 3 | & |BAl 3 I : Artificial ; gS 
A Gg} e| 2 (Sel 8. | Se, | Mowing! © Litt Bo 
2 gels 3 #5) Sa |S38 95) 
3 oF oa ee Teo a™ 
COLORADO 
4 2 6,806 549 6 1 1 1 600 75 38.5 0.1 
, 2 55 11 11 38.6 | 0.2 
"3 3 1,208 2 1 105 105 31.0 | 0.1 
a 4 16 6 6 37.0 0.1 
+> DB}. 7,258 730 16 6 12 3 
— 6 8 1 1 42.0 | 0.1 
#- 7 23 12 12 41.0 0.1 
pr 8} 185,277 |23,940 14 3 3 3 850 ys 36.9 0.1 
“i 9 40 30 30 37.0 0.1 
A 10 6452 0 8 5 12 | Shut in 
at 89 8 7 1 8 8 43.0 | 0.1 
12 2,628 970 4 3 725 650 
Zz yi ve : 9 9 35.0 ey 
50.0 | 0. 
me 16 32 11 11 37.4 | 0.1 
16 20 9 9 40.0 O:1 
17 “eA Srila 2 9 46.0 | 0.1 
i ‘ 
"3 ONTANA 
y 1 30 | 0] 0} 0 17 34 1.20 
q 3 
4 
7 330 OsiGH! 0 104 he nee 
J 7 49 0.48 
= 8 
E19 
Qh 663 | 94 | 12 1 521 78 41 1.02 
12 16 1 0 0 7 51 0.03 
if 
15 BSE Calle |e 22 43 0.14 
16 
17 2,561 | 70} 17} OJ 1,000 | 187 34 1.2 
18 40 0 0 0 2 0 44.1 0.1 
19 187 LOE a0 153 0 37 1.9 
20 32 0 0; 0 9 36 0.83 
WYOoMING 


2 Contains 7.9 per cent helium, balance nitrogen and carbon dioxide. 


8 Operating under vacuum. ‘ 
4 One ig ares from sand lenses. Initial pressures range from 661 to 1315 lb. per sq. inch, 
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TABLE 1.—(Continued) 


Producing Formation De tee ee 
Depth, Avg. Ft. , 
FA Depth 
& Name Age® Ae ; 2\¢ Name of Hole, 
g 5 a 3 = Os o Ft. 
E} 2 =) 2 am | Be 3 
z FA a) eh eee wn Pe 
| s a i} a4 = A 
= Sf & Leslee 
COLORADO 
1| Hygiene CreU SI 20 2,920 | 2,940 | 20 A | Lakota (CreL) 4,031 
2| Pierre CreU H 2,000 MF : : 
3| Pierre CreU H rit asset TS | Fountain (Pen) 1,875 
Muddy-Dakota CreU 8 12 ; i 
Al Sees Jur S| ie | Sos | siz get] 4 Bandance uz) 5,206 Ea 
5| Benton CreU H 1,600 D Fountain (Pen) 2,500 
6| Muddy al 2 : 6,645 | 6,680 | 35 A | Morrison (Jur) 7,040 
Dakota reU i 
7 fees ve 5 at 3,860 | 3,880] 20 | D_ | Sundance (Jur) 4,490 
8| Wasatch Eoc S y Sand lenses D Mesa Verde (CreU) 7,577 @ 
9| Sundance Jur 8 9 3,295 | 3,315 | 20 D Sundance (Jur) 3,447 
10} Santa Rosa (?) Tri 8 19 960 | 1,004 | 50 D Fountain (Pen) 2,010 
11] Mancos CreU H 600 A Pennsylvanian 7173 7 
12} Dakota CreU 8 15 2,200 | 2,230 | 30 D Sundance (Jur) 3,110 
13} Mancos CreU H 2,600 A Gneiss® 5,310 ; 
14! Muddy-Dakota CreU s 14 5,110 | 5,215 | 90 AF | Morrison (Jur) 5,258 
15| Muddy-Dakota CreU s 12 4,480 | 4,500 | 20 A | Sundance (Jur) 4,992 
16| Dakota CreU $ y 1,120 | 1,140 | 20 A Dakota (?) 1,350(? 
17| Morrison CreU 8 6,550 | 6,675 |125 D Sundance (Jur) 6,918 
MONTANA 
= 
1] Vanalta CreL §,SH 14 2,470 | 2,500 | 15 MC | Madison (Mis) 2,645 
2| Colorado CreU SH 750 720 | 50 D | Mississippian(?) 3,180 
3] Eagle CreU 8 15 975 | 1,045 |100 D Madison 4,700 
4) Eagle CreU NS) 17 1,200 | 1,272 |100 A Eagle 1,276 
5 
6| First Cat Creek CreU § 15 1,200 | 1,245 | 50 AF 
7| Second Cat Creek CreL 8 15 1,400 | 1,440 | 40 AF | Madison 1,964 
8| Judith River CreU Ny} 15 830 900 | 70 A 
9) Eagle CreU SH y 1,460 60 A 
10] Madison Mis L 6,750 | 6,800 | 50 A | Devonian 8,186 
a Cut Bank Jur 8 14 2,800 | 2,835 | 30 MC | Madison 3,160. | 
13] Frontier CreU Ny) 18 4,400 | 4,450 | 50 AF 
i Cloverly CreL 8 y 5,500 | 5,525 | 25 AF | Tensleep 6,887 
16] Frontier _ CreU — 5 y 700 730 | 20 | MF(?) | Tensleep 4,120 
17) Ellis-Madison Contact Jur-Mis L y 1,450 | 1,470 | 10 ? Pre-Cambrian 4,710 
18] Eagle, Frontier, Dakota CreU, L $ y 1,200 | 1,320 |100 D Madison 6,002 
19| Madison — Mis L y 1,975 | 1,990 T Madison 2,354 
20| Upper Ellis Jur 8 y 1,400 | 1,420 D_ | Madison 2,205 
WYOMING 
1) Morrison Jur 8 Por 4,570 | 4,600 | 30 A | Chugwater 5,460 
2| Sundance Jur 5 Por 2,100 | 2,175 | 40 A Chugwater 4,083 
3| Dakota CreU 8 Por 3,951 | 3,957 | 6 A | Lakota 4,257 
: Frontier CreU 8 Por 8,250 | 8,500 | 49 A 
6) Frontier CreU 5 Por 2,200 | 2,400 | 16 | AF 
7| Dakota CreU 8 | Por, | 31000 | 3'500 | 50 | AF} | Nusaet 3,622 
9| Dakota CreU 8 Por 2,950 | 3,100 | 20 | AF 
10) Sundance Jur 8 | Por | 3350 | 3100 | 13 | AF} | Chugwater 4,200 
5 Figures from recovery indicate 20 per cent. : 


6 Oldest sedimentary formation tested Thaynes (Triassic). 
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TABLE 1.—(Continued) 
ee ag ee eae 


Area Proved, Acres | Total Oil Production, Bbl. 
: Year of 
Field, County Discoy- 
ery 
be . 
g i b To End of During 
" oe 1940 1940 
A 
g 
& 
mglpbeaver-Croek; Fremont, aukd..0ctth cee iycds Seat veaseeaenead 1937 640 
ie Big AD Conterseiet etary ane tenia he or See an iets 1915 
SOIC TRS, antics te te AA i See e Ricraie= Bini Et stad ee en 1916 
14 WiliiG@reck ster. 7 ne i oa ath eM eens oars oneee 1916 2,000 26,595,914 432,727 
15 Dakatastee hier aie serene ecto eee ree hee ears 1922 
Big Sand Draw, Fremont 
oe coe Son Ree ett pcin.0 ite eat CG io ace ne ae! 1,200 
EE siete BONS ciao ta ones We ated Mee aiaithats, care e Sele mxvcensie apsvele e's 300 
18 Ho Grote ST OeO eae, ST Se eg Ne 1921 1,200 
19 | Black Mountain, Hot iil aake weg ..| 1925 300 235,654 0 
20 | Bolton Creek, Natrona...... 1920 27,102 0 
21 undance. ect ocfe ere ios eet RR Ria ort ic nie a-oyel ee Pegs 1920 50 
22 BEA AE eee NE eco e anYA ey ehainicte ate aca toe on RS Es 1920 50 
aM OORSELIOMO) NV GONG ea ee ao ates a aisle ace cect oe Gab eee aN 1920 300 
Damme cer lal | CAPbon ce rictutes ioicie cen «cra cieowe tis Sele creators s/ardmaas 1936 480 
PM VEOW DOME, Dig Orns. ack etevs occ csc ew cuvesiec vamais atoieea we 1906 
a aed Nae cece eee stat oat RI aS, cine ME ola eeotarra evrsi ait ae he i 500 
2 ULE OG Peis cp Mote orgs 3 ote SeTo bdo oem yrs eeta ee sats vadersuale ns eyeishess 
28 MAAR CMSLOED i man Craychee y Sei tesa eel Spee een te oeReeS 1932 2,950 4,733,541 890,945 
WomGOlosOrceks Natron... a.ceiss sine clot arbsie one pve aw oa ele Soda ae 1937 900 205,313 157,351 
Oa AS-DErDY AI NEMO... cc \s.ccaccle sale eevee cbaiecuseeoue ese ven 1883 350 2,939,642 162,155 
AME G WEY LI ONIO, WV CSt0% Pec cas ccise cde eta Hnsda 0 vie dersae ae ane ene 1938 40 21,186 2,182 
= Dutton Creek, Carbon ae af 
2 iN NG) Nan OA DAGO Oe OC COGHOIC 6 COE CeCCI oe Cech ACUTE ere 
33 BTC iors sere via stale ohesteranst caine aretexecsiesin ease ferareve sae ery 1926 150 267,444 17,936 
34 | East Allen aes, Canon pee as eee tan eee, Fae RET 1936 410 | Included with Allen Lake 
35 | East Lance Creek, IN AOUT GEOL aa  ncip aie wok oie SaR tia Fares Metoeke 1918 400 150 137,crx £ 
ae Bile ek: “iri iske alee ta, © ee ae An ee A ee 250 
3 Ea ey hn foe iien.--. center chine ey Siraieainaid ine dati 
38 Frontier SS ah fact to IOC Cae TE CRIS 20 OR aoa EA CIO Rete | 580 byes 11,179,254 207,628 
39 FE 0  e FEi e, ol oh IBI Cae MRL al eee a : 5 
a ale pad HOE Springs Mare tanteicats oe oe cao neremaponiey stereo te sree ee Ter ace ‘i 
PREIS OCT OOM MR sg rele nctecaetle Aino ue cael abe ee MRT racrnates : 
42! West Ferris (East Mahoney), Carbon.............-.000eeeee eee 1940 14,423 14,423 
43 ewe ae 500 
44 ie, : me 
45 ea Tonslcen Renee nisi oss Oi ai cyetere stam a=, wi abe 500 4,502,564 933,487 
AGA arlan. (tg HOTTIE GPRS, wc cacetaleisin osyaeyn centre eteienn F5 siaiv 07 610) 613 40-0 1930 4,139,051 | 1,076,021 
47 LMIETIUA ge Ok Oe ee ERE eRe ae GCE Hee EEE NOSE Erin ein Eas 40 1,000 
48 sto tated tact Mel AE ees sual Tae Nis arabe wtendte 1,200 
49 re Spniedemee OE dt ON Bn ee Se en A A om ae ee a ; ao ih oa 
i AMIE NUCISON tet eteicie wie atelerietcs Nes Hibs oe mci vicleierein ate Niele ; ‘ 
e eee con he IS DIANGS eee stats, false ai ccete terns osvavaiaiviavele ate a a ae 120 | Field ae okt 
ORO DORT VANE AT ates eisai se ralolele a ty Srastre es Sela olen att 21S e otala alin chav 
53 | Grass Creek, Hot Springs..........-+.+00sessee eee ce sees ee eees 1914 28,518,202 709,108 
- 54 penton OE OR AER iy SOR ae an ee 
55 Trio eal act |G Or rie snc aria Cape eo DOAGUCCUODe nc arC anno acre H , 
OMAGRPeY DU hE ty LH ON iee es aia lore(elallo cfelaYeisinysie/alarols alle aie (sieve nicte = nfo ne 1907 640 346,730 0 
57 | Hamilton, Hot Springs...........- 000.002 Briteccg ee ei 1913 | 2,000 5,239,905 | 183,806 
58 | Hidden gt WVashakt Mien coerce omen sua aise Bele oe eee ee o oa oe Oa 
a es vite eT) 003 | + 960 gS57116 | 534015 
e iia ee SUN IR as, AG eaten oh, 1925 100 Shut in 
61 | Lake Creek, Hot Springs........5 2.00.00. eee serse ses eeeen es iy Bs ove acne ae 
MM MLATOO OLCEKs: IV IOUPGNE. vorqsics a nversee e¥ayort wb iebeisio 016 o2.2)el tla larecwsaseiarele 918 ' 500 ,084, ,324, 
63 Dakot: voce , 
3 i 15,000 - 
6a uander (Hudson); Fremont. i. .is cnc cece wesw cabs ses een ences 1914 340 freee 2,121,455 87,717 
G7auittlerBullalo basin, Parke. societies < vaer <vc wie oe mish> e's sini-te« 1914 Pi 
68 mee nae Chek, Bot Springs... .. - el ees ou 
GO Wibtlo ColeCat wl Ar hase ciecirelsteye = stores) <ielaare T= 4-1 
70 | Lost Soldier, ‘Sweetwater es et cree ete omer tials t Oo nies w | 1995 4; 20,617,566 842,815 
71 On CICLM ee ee cen Tae ee ete Sala se caniies ra 
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TABLE 1.—(Continued) 


.| 


Total Gas Produc- 
tion, Millions 


Cu. Ft. 
To End | During 
of 1940 1940 
0 0 
58,690 3,995 
3,264 250 
4,072 0 
1,792 90 
49,983 639 
Gas exhausted 
Gas exhausted 
20,966 |17,975 
z z 
11,401 114 


Oil-production Meth- 


Reservoir Pres- 


Number of Oil and/or Gas Wells s, End of 1940 — ao per 
, q. In. 
arte End of 1940 Number of Wells 
ae Avg. at 
ee hee 3 BE 2 Initial are be 
= ‘eS 0 
$3 1%|8(88| 2 |S |mowine| Artificial 
4 ais (Sel 8 Sige) ONDE Lift 
ge |e] 8 les] 8& |e3 
dF | 6 | 3 a4] £o |£° 
Tote O00 ets 0; 0 2,500 | 2,500 
174 OU 30°F 0 149 0 149 
13 TW 10. 20 0} 13 1,300 680 
1,860 0 
10 0; 0] 0 0 3 1,150 350 
6 0} Ot 8 0 0 
14 0) Of 0 0 0 
Agi 70.0 16 0 0 750 180 
5 0} O|] 0 0 2 500 z 
19°] 0) 500150 14 0 14 
il OLED 2 8 0 8 
72 ORO 42 0 42 
5 0 1; 0 1 0 1 
8 0} O10 3 5 3 
Slt 0 504 0 0 2 1,050 950 
3 0; 0 1 1 0 950 
45h) (0) 1Oal a6 0 1 1,724 550 
153 0; 0|] 0 144 0 144 
6 OO a 0 5 925 440 
3 | OO} Of} 0 0 0 750 
25 0} Oj} ll 0 0 
1 1 0; 0 1 0 1 
1 0; 0 1 0 0 
20 2 1 0 14 0 14 
8 |. 4] 0] 0 14] 10 14 
£ x 
745 145 
1,470 | 1,260 
1,600 | 1,260 
8) 0:10 20 0 0 1,175 xh. 
8.1 OM Orie t 0 0 
$31. Oy Dal_-0 330 0 330 
14] 0} 0} 8 0 0 3 
36 | 0] 0] 0 33 0 33 
30 OF Oo 6 15 0 15 725 | Exh. 
Oa Os Oa 0 1 0 ul 200 | Exh. 
145 | 17] 38 0 106 1 106 
3 OF aeOi ie 0 0 1 
281 | 538} 3] 0 133 | 12 133 
36 | 0] O| 0 ll 0 11 . 
13 | 0} 0} O 0} 11 690 385 
2.) 04 Oi.0 0 2 1,140 400 
1 0/20 ].0 0 1 1,375 | 1,080 
183 | 8| 0] 0 76 | 10 2 74 


Character of Oil 


Gravity A.P.I. 
at 60°F., 
Weighted Average 


22 
Light 43 
Heavy 19-24.7 


{ Embar 
Tensleep 


Light 
Heavy 


32 
28.8 


“>. 


Sulphur, 
Per Cent 


—_ 


a oo" 


all ie 


yy Ne 


i ie. | eS dd * ee a ‘| 
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TABLE 1.—(Continued) 
rc ee ee ee a SS es 


Deepest Zone Tested 


Producing Formation to End of 1940 


Depth, Avg. Ft. 
a a Depth 
a Name Agee i : | | Name of Hole, 
3 2/5 |E | g& lee] 2 me 
oO ~~ i=) 
3 2 | @ |&2| ss |u| 3 
3 A 5 Sa | se (3h | 
“ask o Aa Se AM jas) a 
o Lakota CreU sg | Por 8,244 | 8,288 | 44 A Sundance 8,920 
13] Shannon CreU ] Por | 1,200 | 1,250] 65 | A 
_ 14] Wall Creek CreU S Por 3,260 | 3,400 |100 A Madison 6,597 
15| Dakota CreU Ss Por 4,600 | 4,700 | 15 A 
16] Wall Creek CreU P 2,300 | 2,800 |150 : 
17| Lakota CreL 8 | Por | 4300 | 435040 | at |Sumdance pre 
18] Wall Creek CreU SH Por 3,200 | 8,250 | 30 A Big Horn lime 7,775 
Be Embar-Tensleep Per, Pen LS 2,900 | 3,350 |185 A Madison 3,832 
21| Sundance Jur S Por 1,015 | 1,120} 10 | AF 
22| Embar Per 1F Cay 2.025 | 2,050 | 15 Art Amsden 2,867 
23) Shannon CreU 8 Por 2,150 | 2,200 | 70 A Niobrara 5,200 
a Shannon CreU 8 Por | 1,224 | 1,480 |250 A | Sundance 67 
26| Frontier CreU 8 Por 2,400 | 2,500 | 30 A 
27| Sundance Jur s Por 4,205 | 4,209 A Amsden 6,700 
28] Embar-Tensleep Per, Pen LS | Cav Por| 5,300 | 5,700 |130 A 
29 Lakota CreL iS} Por 8,019 A Sundance 8,707 
30] Embar-Tensleep Per, Pen LS |CavPor| 700 | 1,200 |150 A | Tensleep 1,400 
31] Leo sand Pen iS] Por 2,294 | 2,349 | 40 A Minnelusa 2,505 
32) Shannon CreU § Por 1,600 | 1,700 | 40 A 
33| Muddy CreU S | Por | 4,850 | 4,900 | 30 a} Sundance 5,448 
34] Sundance Jur iS] Por 2,000 | 2,088 | 48 A Sundance 2,180 
35| Dakota CreU § Por 3,808 | 4,008 | 95 A Madison 6,434 
= Dakota. CreU $ Por 3,400 | 3,500 | 50 A Chugwater 4,560 
38| Frontier CreU 8 Por 1,000 | 1,200 | 40 | AF F 
39| Dakota CreU S | Por | 2\400 | 2,500 | 55 art Merron sare 
40| Frontier CreU S Por 2,600 | 2,850 | 40 A Dakota 3,992 
41) Mowry-Dakota CreU i} Por 1,600 | 1,650 | 25 A Embar 4,600 
42] Tensleep Pen S Por 4,272 | 4,293 | 21 A Tensleep 4,315 
aa Tensleep Pen § Por 3,270 | 3,350 | 60 A Tensleep 3,350 
45| Tensleep Pen NS) Por 2,770 | 3,530 |100 AF | Madison 3,018 
46 
Hl coo | 8 |ta |e | 8818 | 
akota e or : H + 
49| Embar-Tensleep Per, Pen | LS | Cav Por| 3,000 | 4.275 |100 | Ag | Cambrian ont 
50) Madison Mis Por Cav| 3,600 | 4,726 |300 A 
51| Mesaverde CreU 8 Por 2,250 | 3,000 | 50 A | Cody 4,019 
i Embar-Tensleep Per, Pen LS | Cav Por] 5,669 | 6,049 | 50 A | Tensleep 6,076 
54] Frontier CreU 8 Por 800 | 1,200 |250 A 
55| Embar-Tensleep prion | 1 | CaePor| 3,000 | 4000 200 | af | Amsden a8ee 
56] Greybull CreU 8 Por 1,000 | 1,050 | 20 AF | Tensleep 2,950 
57| Embar-Tensleep Per, Pen LS | Cav Por] 2,700 | 3,332 |130 A | Tensleep 2,886 
58] Frontier CreU S Por 1,200 | 1,600 | 15 A | Greybull 2,785 
59| Dakota CreU $ Por 650 |. 820} 25 A Sundance 1,633 
60} Wasatch Eoc § Por 650 | 1,000 |150 AF | Hilliard 6,200 
61| Embar Per L Cav 3,730 | 3,760 | 30 A Tensleep 3,830 
62 
63} Dakota CreU 8 Por | 2,820 | 3,665 | 65 A ; 
64] Sundance Jur 8 Por 3,500 | 4,100 | 65 A Granite 6,434 
65| Leo Pen 8 Por 4,900 | 5,630 | 60 A 
66| Embar-Tensleep Per, Pen | LS | Cav Por| 1,300 | 2,750 |185 A | Tensleep 2,190 
67] Frontier CreU 8 Por 1,200 | 1,500 |100 A | Mowry 1,670 
68} Frontier CreU 8 Por 2,665 | 2,901 A | Frontier 2,901 
69] Frontier CreU § Por 3,900 | 4,100 | 15 A Cloverly 5,660 
70) 
71) Frontier CreU iS Por 175 900 |200 | AF ; 
72| Dakota-Lakota Cre s Por 1,375 | 2,100 | 80 | AF Tensleep 4.087 
73| Sundance Jur NS) Por 1,87. 2,100 |300 | AF 
8 Por | 3,900 | 4,097 | 50 | AF 
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2 
3 
4 
5 
6 


| Line Number 


TABLE 1.—(Continued) 


Area Proved, Acres | Total Oil Production, Bbl. 


Year of 
Field, County Discov- 
ery 
; b To End of During 
ORs alae 1940 1940 
Mahoney Dome, Carbon. ..... i. : csc cess vec sheer mecee seine 1930 295,064 159,656 
PAs) Roy te eI EPR aorta OOo a” Boeue OC one coe 1,400 
Sundatioa.+ ic% 0. aster Sob secon g Acme atte ea ata 1,660 
Tensl cep... caste ttcloc sf4 tle wier nets nets atolls ute eeereree afela 250 ! 
Maverick Springs, Fremont s,,:4ie08 creases ales aloe 31a Bre Pinter='s) afer 1916 1,400 12,366 12,366 
Medicme Bow; Carbon. itasc steie com cose: Nasa oe eats ronson 1935 800 320 3,544,680 274,329 
Midway; Natrona: xo svencr tok pom ee acetone oe era 1930 200 75,886 723 
Mule:Croek. (Gast)! Nsobrara sy dans crve.t. telecon teeta 1919 1,203,240 8,143 
Mulo:Creek (West); NVitobrarai. iso. soetic usc sonie=s a a-esteatnmee ns 
Muskrat; Fremont. cciss-<.ci0:+ + «ofdlectaia a ussite a aelvieioiel wr ateyarn so arsr ayers stay 500 
Notches, Natronawat chives: facie + aivycle eae eee inet aa 1923 400 167,114 0 
OillSprings; Carbone eas: ove notice cate taser ec nece tance ect 1938 160 
Oregon: Basin, Park: 2.. cciceeae saacetnes eee aoe eee 1927 
Dakotas cs ccecttie. cknw sok mete an sae eee sates 1,300 
Bmbar-Tensleep. <2ticcir cic sa aa ce ates vey ee este oe 10,000 13,682,236 | 2,031,909 
Opage; Westone Rasen ook eae Sree ese ee Toon Rie 1920 | 10,000 4,570,118 13,300 
PAGE BACs; FV ONORES. «couse s 5 sone maa ee ea eh ea 1916 250 400 564,272 2,410 
Quealy ss Albangys: choke ccscute Ee ee nameee eae raae 1934 320 1,399,059 171,827 
ex Lakes Albany te frac au om ao ace narer eaten eke miele setae 1923 200 228,199 173 
Rock Crook: Carbon icoo. Sostue serie en dele comin ait eiereten stab is ale ate 1918 19,812,832 919,284 
BK OURS a Sethe ceitemulecias Qothoea aerate © eR hie VR 1,300 
Sundancet:: 2 yccl.cv cock cca eee eelar a teies tetaay tennis 500 
Salt: Crook; Vatronadsiswcian Lerch ea een ro nIeh boo ae 1908 293,563,715 | 5,206,284 
Ast Wall Croégkinictr ace c eeu tacnai etic ue RA tae siete 4,350 
Qnd Wall Creekstasen. «emacs etal b tae ties asieneins 21,450 
Makotar tots A ande on cites ie et aretha int sce Nera ae 2,030 
Sundance ss.\cc:iauc ste hoe CORR na malcetiok otaait on ramee 660 
Tenslosy ica s acer s tea anertne nh uate taetetes Rose Lee Mttcia we sista 640 
Shannon, Natrona. Meer von we rel eee eae esate ka hee 1889 200 55,441 0 
Shoshone, Park sie oes Beles areata ate PRIS ee Ooo arenes a0 aaa 1929 540 38,089 14,493 
Simpson Ridge, Carbon...............00055 Sha goners nib neat 1924 162,485 Shut in 
South Casper Creek, Natrona, and Poison Spider, Natrona........ 1920 240 3,558,281 117,771 
Bpindle top, Natrora seine, oe acdvrmen sew deo eens Arlee esate 1928 80 22,507 4,192 
Bpring Valley, Uintas. cater syurte teres etae tienes eee be creme 1903 400 101,593 0 
Teapot, Natrona (outside Naval Reserve).................00005 1927 105,601 5,841 
Me Creek: connor eee gL AWe ds ah Gen ols ORLA 
fare Big Horn nc, stack os aeaide tie oe Coe eee OR 1915 600 254,709 Shut in 
Warm Ne pare Hot Snvinges cc ah. nie etna oe 1917 160 367,755 26,225 
Waugh Domo; Hot Spranze:. icacten ac see. serene atoamenicates 1935 100 210,069 
Werte; Carbon): hvatadtty vas wiatos Gaheae cota tulea saree ees 1921 2,245,612 988,486 
RTONGED: ars anise Poeieahs artis Sok ust ahem tartan tc 100 
AOC 5.5.04 ceraen sage ala Rinse a 0'e Hotei so owes we EE 500 
PkOtias se. s.0s, cused ch aihawatne eee Maes mein omens 500 
Sundance; aie tates os ets. ceo esd ROI Se CCC 200 
SP eNSSGD «i 21. Meln oR niin wn slonudes) eee aerial ieee eae ae 600 
UTAH 
Ashley: Valley, Uintayaadeuisc cttviaan ae uc lennicais eitceiak eee 
C1BGOs GHANA ay ence ec raptemilsne scat Aah tes MLO CRE eae TE 
Clay: Basins Daggett: ait acrystiteetics ce eaten ici Chee Ok che. «ent 
Hedges Joa TPIT AR Ratatat ab Sar thite te ae GOCeE ae oe 
OD PUADs OGM JUAN: | iis vicmsieieiteleis setslaly waite cam nee sible enyelc 14, 
Virgin; Waehington Paene nis sens Ccatareh ethene hoa a 178'525 7 


C. E. SHOENFELT 


TABLE 1.—(Continued) 
rr ee ee 


419 


Total Gas Produc- : . Reservoir Pres- 
poe Mallon Number of Oil and/or Gas Wells Or edacin vee eee per Character of Oil 
During |” End of 1940 | Number of Wells 
iy . go : Avg.at| Gravity A.P.I. 
z po Bad ite een lie & g Initial] End of at 60°F, 
g 2-7 /8/2 88) 2 |# 1940 | Weighted A 3 
3 Ss /3| sisal 8 [8 “yg | Artificial SS aie ee 
a 65 |e| elas] 5 5. | Flowing} “755 BO 
2 BE |e | 3 les] 82/32 ry Bs 
aa} Sa} S| 2 |om| 2S | 2a ao 
3 Selous ese = ics am 
75| 58,026 300 18 1 0 0 4 9 4 32 
: oe 
,170 1 
78 Uy 
79 32 0 0 | 27 2 0 2 22 
80 4,938 y 14 0 0 0 10 2 10 1,900 y 56.9 
81 3 0 0 2 0 0 2 32.5 
82 84 0 0 0 42 0 0 42 32 
83 
84) 138,992 3,100 6 1 0 0 0 5 2,175 y 
85 5 0 0 2 0 0 2 16 
~ 86 2 0 0 0 0 2 1,200 c 
87 46 3 0 0 38 5 
88 2,553 250 
89 
90 \ 523 | 11 | 16 280 280 41.6 
91 Shut in 17 0 0 2 5 0 5 800 Bale 42 
92 19 0 0 0 17 0 ily 32.8 
93 4 0 0 0 3 0 3 35 
94 73 ea) 42 0 42 37 
95 
96 
97 1,999 1 0 0 | 1,880 0 1,880 
98 36 
99 36 
100 38 
101 35 
102 35 
108 18 Field abd. 24 
104 3 0 0 0 uN 0 1 21.1 
105 13 0 1 pal 0 0 20.4 
106} 16,892 Exh. x 07 0) 0 33 0 33 Sundance 21 
Tensleep 15.3 
107 6 0 0 0 4 0 4 22 
108 30 0 0 2 0 0 0 48.3 
109 2 0 0 0 2 0 2 35.2 
110 
111 
112 30 0 0 z 0 0 0 45.6 
113 46 0 0 0 19 0 19 21 
114 2 0 0 0 0 0 0 Field abd. 27.2 
115} 63,082 417 17 1 0 0 4 7 4 
116 
117 
118 
119 
120 
UTAH 
1| 22,000 356 5 0 0 0 0 2 580 190 
2 3,128 7 17 0 0 1 0 0 750 32510 
3] 138,923 4,308? 7 1 0 0 0 6 2,250 y 
4| 8,870 6792} 2] 0] 0| 0 o| 1 750 | 290 
5 1169} 0 0 0 1 0 1 39 0.1 
6 132 0 0 0 20 0 20 34 0.83 


7 Field abandoned 1987 and all wells plugged except one. 


8 Carbon dioxide gas. 


9 Includes assessment holes 500 ft. deep. 
10 Pressure at time of abandonment. 
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TABLE 1.—(Continued) 


r t Zone Tested 
Producing Formation Dept 2 54 1940 
Depth, Avg. Ft. 
——___ | 8 Depth 
3 Name Agee Z ; =| g bs Name of Hole 
8 S| b | EL | = lze| & 
4 e| B |-48| 22 lok 3 
ry zc = 
3 é| & | &S| a |2| & 
“7B| 7 a ES lie Leaner aes | See oa |S | ee ei eee 
76| Dakot: CreU i] Por 2,170 | 2,300 | 30 A 
77| Sundance Jor § | Por | 2.600 | 2'760 |110 at Tensleep 4,690 
78| Tensleep Pen S] Por 4,600 | 4,760 |160 A 
79| Embar Per L Cav | 1,450 | 1,700 | 50 A | Tensleep 2,094 
80] Sundance Jur iS] Por 5,200 | 5,430 |140 A Chugwater 5,910 
81| Frontier-Muddy CreU iS] Por 5,200 | 5,250 | 60 A Chugwater 6,689 
82 
Lakota CreL S Por 1,500 | 1,550 | 25 A 
seer. SERRE 
83] Dakota-Lakota re ‘or . 
Nee are gl - ee re npr a ee Sir ee a 
84) Frontier Te ‘or , A 
Dakota CreU 8 | por | 5308 | 5320] 60 | art | Madison yi: 
85] Tensleep Pen 8 Por 2,800 | 2,850 | 40 A Tensleep 2,830 
86| Sundance Jur 8 Por 2,225 | 2,353 | 90 A Tensleep 2,353 
87 
88] Dakota CreU iS] Por 1,500 | 1,550 | 45 AF 
89| Embar-Tensleep Per Pen LS | Cav Por} 3,500 | 3,900 /150 AF | Madison 4,160 
90| Newcastle CreU § Por 220 | 2,154 | 10 ML | Minnelusa 2,235 
91] Niobrara CreU H Fis 800 | 1, A Sundance 4,630 
92| Muddy-Dakota CreU § Por 3,260 | 3,320 | 60 A undance 4,207 
Me Dakota CreU 8 Por 3,800 | 3,900 | 50 A Lakota 3,930 
9 
95] Dakota CreU § Por 2,600 | 3,300 |110 A 
06] Sundance Jur 8 | Por | 3150 | 3350 (100 | ay | Bmbar 6.037, 
98] Ist Wall Creek CreU 8 Por 1,000 | 1,100 }110 | AF 
99| 2nd Wall Creek CreU 8 Por 1,535 | 2,575 | 65 | AF 
100) Lakota CreL 8 Por 2,300 | 2,350 | 20 | AF Granite 5,400 
101] Sundance Jur 8 Por 2,750 | 2,875 | 70 | AF 
102] Tensleep Pen 8 Por 3,970 | 3,980 |190 
103} Shannon CreU 8 Por 9 75 | MUP | Shannon 
104) Embar Per L Cav | 4,300 | 5,000 | 24 Tenslee| 4,775 
105} Quealy CreU 8 Por 625 675 | 40 A Steele shale 6,931 
106] Tensleep Pen 8 Por 2,600 | 2,700 |150 A Tensleep 2,700 
Sundance Jur 8 Por 1,400 | 1,425 | 35 A Granite 4,119 
107] Sundance Jur 8 Por 1,100 | 1,125 | 25 A_ | Tensleep 2,705 
ane Aspen CreU H Fis 400 x MC | Bear River 2,065 
110] Wall Creek CreU 8 Por 2,900 | 2,950} 40 | AF . 
111] Shale CreU H | Fis | 1:200 | 1; z Ar} Frontier 3,140 
112] Mowry CreU SH Por 400 50 A | Madison 4,165 
113] Embar Per L Cav 700 800 | 50 A | Tensleep 1,590 
ae Embar Per L Cav | 3,775 | 3,807 | 35 A | Tensleep 4,246 
116] Frontier CreU 8 Por | 2,210 | 2,260 | 50 A 
117| Dakota CreU iS} Por 3,500 | 3,550 | 50 A 
118] Lakota CreL 8 Por | 3,700 | 3,750 | 40 A Tensleep 5,883 
119} Sundance Jur Ss Por 1100 | 4,120 | 20 A 
120| Tensleep Pen 8 Por 5,859 | 5,886 | 27 A 
UTAH 
1| Morrison Nugget-Jur 2,720 
2} { yakote Kayenta-J 3 
Morrison yenta-Jur 1045 
3} Dakota Sundance-Jur 6,790 
6| Goodridge Hemet 31008 
6| Kaibab-Moenkopi wiccunge a! : 
Contact or Upper Kaibab 2,195 


11 515 ft. to 815 ft. depending on position on monoclinal structure. 
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found in Wasatch sand at so14 to 5032 ft., 
from which oil flowed from the well at the 
rate of 60 bbl. an hour, with an estimated 
gas volume of 3,000,000 cu. ft. per day. 
The oil is green in color and has a gravity 
on the A.P.I. scale of 37.4°. It carries an 
exceptionally high amount of wax and 
congeals at 50°F. 

Other wells drilled at Powder Wash up 
to the end of 1937, when operations were 
suspended, include No. 1 Hal Stewart, com- 


pleted at 3087 ft. for 800 bbl. of oil per day, 


and No. t Donnell, completed at 3102 ft. 
after plugging back from 3878 ft., for an 
open flow of 4,000,000 cu. ft. of gas with a 
pressure of 1030 lb. per sq. inch. 


MONTANA 


~ Oil development in Montana in 1940 was 


_ confined largely to the drilling of offset 


locations in proved fields to maintain pro- 


duction, and to the fulfillment of lease 


obligations. The northern Montana fields, 


Cut Bank in Glacier County, and Kevin- 


Sunburst in Toole County, were especially 


- active. The Cut Bank field was extended 


about one mile southwest by the completion 
of A. B. Cobb’s No. 1 Tribal 187, C.SE.NW. 


of sec. 19-32N-5W. This well had the Cut 

_ Bank sand from 2810 to 2820 ft., and was 

- completed at 2827 ft. for 95 bbl. of oil per 
day on 10-day pumping test. 


The productive gas area was extended 


, on the east side of the field along the 


-Glacier-Toole County line by Glacier 
Production Company’s No. 1 Dahlquist in 


sec. 12-34N-5W., and No. 1 Delaney in 


sec. 36-34N-5W. 


Development of Montana gas fields con- 
tinued through the 1940 drilling season. 


In the Bowes field, Blaine County, three 


completed gas wells added 32,100,000 cu. 
ft. of gas per day to the field’s potential. 
Nine producing gas wells were completed 
in the Cedar Creek field on the Baker- 
Glendive anticline, which added 9,562,000 
cu. ft. of gas daily to that field’s potential. 

The Devon gas field, 35 miles east of 
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Shelby, was tied into the Montana Dakota 
Utilities Company’s trunk gas line from 
the Border fields in northern Montana to 
Great Falls. Two new wells were completed 
in the field during the summer, which 
added 5,600,000 cu. ft. of gas per day to the 
field’s potential, and additional develop- 
ment is scheduled for ro41. This field is 
controlled by C. L. Smith, of Denver, 
Colo., who discovered the field in 1933 
with the completion of his No. 1 Mowat 
on the SW.SW.SE. of sec. 7-33N-2E. 

Two completions at Whitlash, on the 
Canadian border, gave that field an added 
reserve of 10,150,000 cu. ft. Gas from 
Whitlash goes to Great Falls. 

At Bowdoin, Phillips County, the Mon- 
tana Dakota Utilities Company’s 1940 
drilling program resulted in the completion 
of t4 wells with a combined gauge of 
9,980,000 cu. ft. of gas. These wells have 
small initial capacities but they decline 
very slowly and produce a large volume of 
gas over a long period of years. The wells 
are started with a spudder and drilled to 
about roo ft., then surface pipe is set and 
cemented. They stand idle thereafter until 
the company’s rotary equipment is availa- 
ble for drilling to completion. 

Frannie Field, Carbon County.—The 
Frannie field, Park County, Wyoming, was 
extended into Montana in September 1940 
by the Continental Oil Co. with the com- 
pletion of No. 1 Prigge, SE.SE.SE. of 
sec. 33-9S-25E. This well is about 14 mile 
in advance of the production on the Wy- 
oming side of the line. It had the top of 
the Embar lime at 3490 ft., top of the 
Tensleep sand at 3523 ft. and was drilled 
into the Tensleep to a total depth of 
35614 ft., where it was completed for an 
initial production of 124 bbl. of oil a day, 
pumping, after treatment with a total of 
2000 gal. of acid. 


WYOMING 


Cole Creek Field, Natrona County.—The 
development of the Cole Creek field was 
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started in May 1940 by General Petroleum 
Corporation, with the completion of No. 
1-21-G, NW.NW.NW. of sec. 21-35N-77W.., 
in Shannon sand at 4530 to 4570 ft. after 
plugging back from a total depth of 8050 ft., 
where it tested the Morrison sand with 
negative results. In the Shannon sand, the 
well swabbed 400 bbl. of oil and pumped 
350 bbl. per day on an 8-day pumping test. 

In the remaining seven months of 1940, 
General Petroleum Corporation drilled 
eight wells in the field and recompleted one 
old well in Shannon sand, developing a 
potential production of 1880 bbl. of oil per 
day. The field was connected to the com- 
pany’s refinery (White Eagle Division) at 
East Casper by 13 miles of 4-in. pipe, 
through which an average of 720 bbl. of oil 
a day was moved during the closing months 
of the year. 

Although the presence of oil in Shannon 
sand at Cole Creek was known prior to 
1940, the first well in that sand began pro- 
ducing in May 1940, therefore the field 
may properly be classed as a 1940 discovery. 

Lost Soldier Basin Fields, Sweetwater and 
Carbon Counties.—The results of its 1939 
development program in the Lost Soldier 
and Wertz fields encouraged the Sinclair 
Wyoming Oil Co. to a more intensive 
campaign in 1940, with the result that oil 
was discovered in Tensleep sand in a well 
drilled in the West Ferris field, and deeper 
pays in the Tensleep were discovered in old 
wells in the Mahoney field and in the Lost 
Soldier field. ; 

In 1940, potential production of Wertz, 
Lost Soldier, Mahoney and Ferris fields 
was more than 20,000 bbl. per day, and 
late in the year Sinclair Wyoming Oil Co. 
began moving some of this oil to Sinclair 
refining centers in the middle west. To 
accomplish this, during the past summer 
Sinclair laid 2714 miles of 8-in. pipe from 
its Casper pump station to a junction with 
the Stanolind’s Teapot-Freeman line at 
Clayton tank farm, Missouri. By this ar- 
rangement, the process has been reversed 
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and oil is now moved northward from the 
Lost Soldier Basin fields to Casper and 
thence east to Freeman, Mo. Oil from Sin- 
clair connections at Salt Creek formerly was 
moved to Parco via Casper. Under the 


new arrangement, the Salt Creek oil now 


goes east with the Lost Soldier Basin oil. 
The Sinclair interests also have a trunk 
pipe line southward from Lost Soldier to 
their Parco refinery, and the Parco refinery 
is further served by the line of the Utah Oil 
Refining Co. from Fort Laramie, Wyo., to 
Salt Lake City. Through this line, the 
Parco refinery receives oil from Lance 
Creek, Quealy and Big Medicine Bow. 
Lost Soldier Field, Sweetwater County.— 
Deeper drilling at Lost Soldier field resulted 
in the discovery, in October 1940, of a pay 
in the basal Tensleep sand. The well used 
for this test was No. 75-A, approximately 


NW.SW.NW. of sec. 11-26N-goW. This is © 


the discovery well of the Tensleep at Lost 
Soldier and was completed in June 1930, 
in sand at 3942 to 3962 ft. for an initial 
production of 1800 bbl. of oil a day of 


34.5° A.P.I. gravity. In December of that — 


year, it was deepened to 4ooo ft., still in 
Tensleep sand, where it started off at the 
rate of 2500 bbl. of oil a day with a slight 
increase in the gravity of the oil. Early in 
October 1940, this well had reached basal 
Tensleep sand, where it was completed at 
4244 ft. for an initial production of 1420 
bbl. On gas lift, it made 2157 bbl. of oil in 
24 hr. Two old Tensleep wells were then 
deepened to the basal sand and recom- 
pleted, one for 840 bbl. a day, the other for 
320 bbl. in 20 hours. 

Wertz Dome Field, Carbon County.—The 
Wertz dome field, in which oil was dis- 
covered in upper Tensleep sand in 1936, 
became a major oil field in 1939 through 
the discovery of oil in the lower Tensleep. 
No additional discoveries have been made 
in the field since 1939, but during 1940 the 
development program had increased the 
potential of the field materially, and it is 
expected that the ro4r drilling campaign 


oy a eins Cet 


ciel 


C. E. SHOENFELT 


will move this field nearly to first place in 
the Wyoming production column before the 
end of this year. 

Following the discovery of oil in lower 
Tensleep in 1936, two wells were completed 
at Wertz in 1937, one of which, No. 11-A 
on the SE.NW.NW. of sec. 7, was deepened 
in August 1939 from 5987 to 6238 ft., 
where it was credited with an initial pro- 
duction of 4622 bbl. Other completions in 
1939, following the deepening operations 
and the drilling of No. 13 Wertz, resulted 
in developing in this field, total new pro- 
duction, out of four wells, of 19,675 barrels. 

Only one well was drilled in the Wertz 
_ field in 1940, but it gave an excellent ac- 
- count of itself and extended the field about 
14 mile east, but by late December 1940 
_ the 1941 drilling campaign was under way, 

with four wells drilling and rigs up for two 
additional wells. 

Mahoney Dome, Carbon County —Deeper 
drilling on Mahoney dome by Sinclair 
~ Wyoming Oil Co. resulted in the discovery 
of a deeper pay zone within the Tensleep 
formation. The well used for this test was 
No. 3-F Mahoney on the C.SE.NW. of 
“sec. 34-26N-88W., completed in November 
1938 in Tensleep sand at 4295 to 4486 ft., 
for an initial production of 172 bbl. of oil 
per day. In November 1940, this old well 
was deepened from 4486 to 4505 ft. and 
recompleted after a 5o00-quart shot of 
_ nitroglycerin for an initial production of 
511 bbl. of oil in 1514 hr. At the close 

of the year 1940, one old well was in the 
process of being deepened into the Tensleep 

pay and one new well was drilling. 

East Mahoney (West Ferris), Carbon 
County.—A deeper pay was discovered in 
the East Mahoney (West Ferris) field last 
March, adding the fourth field in the Basin 
in which Tensleep oil is found. The new 
well is No. 4-E, on the C.SE.SW. of 
‘sec. 29-26N-87W. It had the top of the 
Tensleep pay at 4272 ft., but encountered 
‘water in the sand at 4315 ft. and was 
plugged back to 4293 ft., from which depth 
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it swabbed 200 bbl. of oil per day and 
flowed 50 bbl. a day through the tubing. 
The oil has a gravity of 42° A.P.I. 

Vermillion Creek, Sweetwater County.— 
Gas was discovered late in December on 
Vermillion Creek, southern Sweetwater 
County, by Vermillion Oil Company’s No. 2 
Amelia Horricks, SW.SW.SW. of sec. 
7-12N-99W. The new well found its gas 
production in sand lenses in the Wasatch 
at 3474 to 3496 ft. and 3500 to 3530 ft., 
where it gauged 12,000,000 cu. ft. of gas 
under a natural pressure of 1200 lb. per 
sq. in. It has not yet been determined 
whether the discovery constitutes an exten- 
sion to the Hiawatha field or is a separate 
structure. In any event, it is a mile ahead 
of production and opens some new pros- 
pecting territory. 

La Barge Field, Sublette County—The 
LaBarge field was extended about one mile 
north during the 1940 drilling season, with 
the completion of 15 wells in sec. 27 and 
sec. 28-26N-113W. The best of the com- 
pletions was Marvel Oil Company’s No. 1-H 
Government, CEL.NE.SE. of sec. 28, 
which started at the rate of 285 bbl. of oil 
per day, flowing from sands at 923 to 974 ft. 
and 994 to 1065 ft. The south offset, drilled 
by the same company, flowed 300 bbl. of 
oil per day, and the east offset, drilled by 
The Texas Company, averaged 188 bbl. per 
day on 1o-day test. These were the record 
wells. Other completions were good, con- 
sidering the shallow depth, the smallest 
of which, an edge well, made 4 bbl. per 
day. As a result of these operations, about 
160 acres was added to the productive area 
of the field and the gross production of the 
field increased rapidly during the last half 
of the year. 

Lance Creek Field, Niobrara County— 
The 1040 drilling program of the unit 
operators at Lance Creek was confined to 
the drilling of inside locations within the 
unit area. In addition to its operations 
within the unit, Continental drilled a large 
number of wells on the acreage of its 
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subsidiary, Buck Creek Oil Co., in secs. 34 
and 35 in T. 36 N., R. 65 W. The Ohio Oil 
Co. drilled two wells in sec. 36-35N-65W., 
on the eastern edge of the field, well outside 
of the unit, and extended the productive 
area of the field about 14 mile north and 
east. Both were Sundance sand producers. 

The southern edge of the field has not 
been limited by dry holes but completions 
of the Minnelusa Oil Co. on its H. & M.-5 
lease and for its joint account with Mac- 
Kinnie Oil and Drilling Co. on the Thomp- 
son lease, found the Leo sand running low 
and probably will not venture any farther 
south. Two of this series of wells were 
excellent producers. No. 5 Thompson is 
being used as a gas-input well. 

The western edge of the field was defined 
by two wells, Argo Oil Corporation’s No. 1 
Ong, drilled by the unit operators on the 
SE.SE.SW. of sec. 31-36N-65W., and Holly 
Development Company-A. B. Cobb’s No. 5 
- Novick, NE.NE.NW. of sec. 6-35N-65W. 

The Ong well entered a fault at 4488 ft. 
and immediately below that depth cores 
were taken. The bedding was almost verti- 
cal in the cores recovered, the material was 
slightly brecciated and compacted, and 
slickensides were found along fracture 
planes. The Leo zone was faulted out and 
the lower 521 ft. of hole was drilled in black 
Cretaceous shale. The No. 5 Novick well, 
south offset to the Ong well, passed through 
the fault into black Cretaceous shale at 
5532 ft. and was abandoned at 5600 feet. 

On the northwest side of the field, 
Continental Oil Company’s No. 3 Emil 
Rohlff proved to be in close proximity to a 
fault and at the end of the year was stand- 
ing waiting for orders and until the com- 
pletion of No. 4 Rohlff, authorized for the 
first quarter of 1941. 

Maverick Springs Field, Fremont County. 
The Maverick Springs field, on the 
Shoshone Indian reservation, Fremont 
County, entered the Wyoming production 
column in 1940 for the first time since its 
discovery in the winter of 1917-1918. 

In March 1940, Lloyd Pratt started 


operating two wells on a lease covering the 
NE of NE}4 of sec. 27-6N-2W., which 
had been granted to him by the Secretary 
of the Interior. These wells were small and 
are near the line of the probable limit of 
production. They were drilled by the old 
McGown Oil Company. 

The leases held by The Ohio Oil Co., 
covering the W144 of sec. 22, NW}4 of 
sec. 24 and the NW}4 of sec. 26, were 
assigned and are now under the manage- 
ment of the newly organized Indian Oil 
Co. of Salt Lake. The production from 
these leases, amounting to about 115 bbl. of 
oil per day, is shipped to Ogden, Utah, for 
refining. 

The properties of the Sheridan Wyoming | 
Oil Co. covering the NE) of sec. 22-6N- 
2W., were transferred to the operating 
management of the Riverton Oil Co. last 
summer, and under this management the 
wells are being cleaned out and acidized. 
Production from three of the wells is now _ 
more than 500 bbl. of oil per day. The oil 
recovered by the Riverton Oil Co. is 
moved by truck to Riverton, Wyo., and 
shipped by rail either to Minneapolis or 
Kansas City, where it brings a price of 
5o¢ per barrel. 

V. M. Kirk, well-known oil operator of 
Frannie, Wyo., has acquired the holdings 
of Stanolind Oil and Gas Co. covering the 
SEX of sec. 22 and S\ of sec. 23-6N-2W., 
and is now cleaning out and aca 
three oil wells on the leases. Up to the 
first of the year no oil had been moved” 
from the property. 

Continental Oil Co. has obtained renewal 
of its lease covering lands acquired from 
Union Oil Company of California. The 
Continental leases have been placed under 
the management of the Maverick Pro- 
duction Co. (Husky Refining Co., of Cody) 
and the oil produced will be marketed to 
the Western Fuel Oil and Supply Co., of 
Minneapolis. 

The Maverick Springs anticline is the 
type of high Rocky Mountain structure 
that produces large quantities of oil. The 


% 


C. E. SHOENFELT 


total closure is well illustrated in U. S. 
Geological Survey Bulletin 711, on the map 
by A. J. Collier. The possible productive 
area of Maverick Springs is about 1400 
acres. The amount of recoverable oil has 
been variously estimated as high as 11,- 
000,000 bbl. The present potential of the 
field is estimated at 7000 to 10,000 bbl. 
daily. Since all of the new leases issued 
provide specifically for marketing the oil 
as a requisite to operation, it is expected 
that the field will show a high gross pro- 
duction per well during the next few years 
while the flush is being produced. 


GEOPHYSICAL OPERATIONS 


Colorado.—“Early in the summer of 1940, 
The Independent Exploration Co. con- 
ducted an experimental survey with gravity 
meter over the Wellington dome, a pro- 
‘ducing structure in Larimer County, 
Colorado, with approximately goo ft. of 
‘closure. This work proved that very small 
gravity anomalies may indicate important 
‘structures and that careful interpreta- 
tion may furnish valuable geological 
information. 
~ Montana.—The California Company con- 
ducted a gravity-meter survey in Montana 
during the summer of 1940. Most of the 
work was confined to Daniels and Roose- 
velt Counties, from the Canadian line 
southward and eastward to the North 

Dakota line. This work included a survey 

of the Wolf Point anticline in Roosevelt 
and McCone Counties, a large Tertiary 

structure formed in beds of the Lance 

-formation and covering parts of townships 

26, 27 and 28 N., in ranges 47 and 48 E. 

- This concern also conducted a survey of 
Poplar anticline, Richland County, one of 
the more interesting of the eastern Mon- 
tana structures. The surface axis passes 
through sec. 36-25N-52E., to the northwest 
corner of sec. 2-26N-51E., where it may 

be closed at the Missouri River. The Poplar 

anticline and the Wolf Point anticline are 
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in alignment with the Baker-Glendive 
anticline to the southeast and may be 
continuations of this great regional fold. 

While both of these structures may be 
mapped on surface exposures, it is believed 
that geophysical methods may be em- 
ployed to advantage on the other similar 
folds in this general region, where the 
surface exposures are not continuous. 

The Carter Oil Co. conducted a seismo- 
graph survey over the Cedar Creek anti- 
cline and will drill a deep test in 1941. The 
Cedar Creek structure is a closure on the 
south end of the Baker-Glendive anticline. 

Wyoming.—There was a very limited 
amount of seismograph surveying in Wy- 
oming in 1940. The Sinclair Wyoming Oil 
Co. devoted some time to a seismograph 
survey of Lost Soldier, Wertz, Mahoney 
and East Mahoney domes, in the Lost 
Soldier Basin, primarily for the purpose of 
defining participating areas. Continental 
Oil Co. had a gravity-meter party in this 
same area and also did some work north 
of the Big Muddy field along Cole Creek 
and over Geary and Midway. This party 
left for the Gulf Coast before the end of 
the season. 

The Mountain Fuel Supply Co. had a 
seismograph party on the old Ft. Bridger 
reservation in southwestern Wyoming. 
This party worked on down into Duchesne 
County, Utah, before the end of the season. 

The Texas Gulf Production Co. com- 
pleted a seismograph survey of the Rocky 
Point structure during the summer, and, 
after establishing about 300 ft. of closure 
on the critical east side started its test well. 
This concern also had a gravity-meter party 
in southeastern Wyoming. Following the 
completion of this work, a small block of 
leases was assembled near Wheatland, 
Platte County. 


Ort Pree LINES IN THE Rocky MouNTAIN 
REGION 


Pipe-line construction in the Rocky 
Mountain states dropped sharply in 1940 
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from the more extensive 1939 program, but 
was equal to, or well above, the average of 
years prior to 1939. j 

In Colorado, the Texas Company laid 
and welded 18 miles of 4-in. pipe con- 
necting its Wilson Creek field in Rio 
Blanco County with its refinery at Craig 
by a junction at Iles field in Moffat County 
with Stanolind Oil and Gas Company’s 
4-in. line to the Hamilton pump station 
and then through The Texas Company’s 
line to Craig, a total distance for the old 
and new lines of 37 miles. 

In Wyoming, the Socony-Vacuum Oil 
Co. connected its Cole Creek field with its 
White Eagle refinery at East Casper by a 
4-in. welded line 13 miles long. Pump 
station was installed in the field and two 
2500-bbl. tanks were erected. Oil began 
moving through the line in October. 

Sinclair Wyoming Oil Co. connected its 
trunk line from Salt Creek to Parco with 
the Stanolind line to Freeman, Mo., by 
laying 2714 miles of 8-in. from its Casper 
pump station to Clayton tank farm. 


Montana. This was an extension of the line 
from the Bowdoin field, Phillips County, 
to Glasgow, a distance of 32 miles. 

The Canadian River and Colorado- 
Interstate Gas Companies built eight new 
pumping units on its line from Amarillo, 
Texas, to Denver, increasing the carrying 
capacity from 105,000,000 cu. ft. to ap- 
proximately 125,000,000. 

In Wyoming, Northern Pipe Line Co. 
completed a go-mile line of 6-in. pipe from 
Casper to Billy Creek. 

Following the resumption of operations 
in the Powder Wash field, Colorado, 
Mountain Fuel Supply Co. is preparing to 
lay 17 miles of 8-in. pipe from the field to a 
connection with its 16-in. trunk line at | 
Hiawatha. 
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The construction of gas lines in the 
Rocky Mountain region was limited during 
1940. The Montana-Dakota Utilities Co. 
placed in operation in November a 15-mile 
line from Glasgow to Nassau, in eastern 


Oil and Gas Developments in Tennessee in 1940 


By KEnpatt E. Born,* Junton Memper A.I.M.E. 


Propuction of crude oil in Tennessee 
- during 1940 was slightly more than 15,000 
bbl., a decrease from 1939 of about 36,000 
bbl. This sharp decline has been caused 
_ largely by curtailed activities in the shallow 
pools in Clay County, where approximately 
3000 bbl. was marketed off the lease during 
the year as against more than 37,000 bbl. in 
1939. The flashy production found in 1938 
in the Celina area has been short-lived and 
the area is essentially abandoned. Failure 
~to find steady production has been the 
major factor retarding developments in 
the northeastern Highland Rim area. The 
Mississippi lime production in Scott and 
Morgan Counties continued to show a 
steady decline. The Tennessee production 
_ by counties is shown in Table 1. 


Taste 1.—Oil Production in Tennessee 


im 1940 
Aas Production, Bbl. 
County ells 

Pumped 
1939 1940 
RAO D Poteishs Pints: vertys, «2s 4 4,332 3,596 
IVE OL ATA! . sve %s 6 sees 19 6,479 | 5,751 
BEPENLTESS. ..600 0s os S 1,2%0 I, 5xxX 
PICK ets otis les 6 ass I 1,2xx 
ROLY Ai olare orks aie 8 37,200 | 3,xxx 

DEVELOPMENTS 


There were 32 wells spudded in during 
1940, four of which were drilling or only 
temporarily suspended on Dec. 31, 1940. 
Twenty-eight wells were completed during 

the year, four of which were commercial 
producers. The total footage drilled was 
31,214 ft. The more important wildcats are 
listed in Table 2; the distribution of 1940 
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oil and gas tests according to physiographic 
divisions is given in Table 3. 

Cumberland Plateauw—There was one 
completion in the coal area of the state, a 
test that attempted to extend the Missis- 
sippi lime production in the Coon Hollow 
pool to the southeast in Morgan County. 
This test encountered only slight shows of 
oil in the producing horizons of the near-by 
Coon Hollow and Boone Camp pools. 

Some surface work was carried on by 
private interests during the year in Scott 
and Morgan Counties and two wells were 
spudded in early in 1941. The revival of 
interest in the Kentucky portion of the 
plateau will probably result in increased 
activity in this part of Tennessee during 
1941. Several sizable blocks of acreage, 
some by major oil companies, are held in 
Scott, Morgan, and Cumberland Counties. 

Middle Tennessee-—The northeastern 
Highland Rim continued to be the most 
active area in the state with 20 comple- 
tions, although this figure is about one 
third of the number drilled in 1939. Four 
oil wells, none with initial productions of 
more than too bbl., were completed in 
Clay, Fentress, and Pickett Counties. The 
producing horizons discovered in Pickett 
and Fentress Counties were in the “Sunny- 
brook” pays of Trenton age. The Clay 
County producer was an old test drilled 
deeper in which oil was found at 671 ft. in 
the upper part of the Stones River group of 
limestones, a common pay in this area. All 
four wells were drilled in or close to old 
shallow production. Deeper testing into 
the Knox dolomite group in this area was 
not particularly encouraging, although one 
well in Fentress County encountered some 
saturation at 1860 to 1869 ft. in the upper 
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part of the Knox but failed to be com- Western Tennessee.—The Mississippi em- - 
mercial after acidizing. bayment area of Tennessee continued to) 
Six wells were drilled on the eastern and attract attention during the year. Surface } 
western Highland Rim, all of which were studies were made in Hardeman, Fayette, , 
dry or near-dry holes. The deepest well,in 444 Madison Counties, followed by some : 
northwestern Van Buren County, reached leasing. Three wells were drilled in western , 
Sucre et ye to on . ee ue Tennessee, none of which found encourag- - 
per acer AEN oo ns opie 7 ook ing shows of oil or gas. Probably the most : 
logged a good show of oil at 1675 ft.inthe . % F ; 
° interesting, the Pure Oil Company’s No. 1 
upper part of the Knox dolomite group. : h Tton: Cala 
Late in the year a considerable amount of McGregor, in, northern pn ae 
found igneous rocks at or near the base : 


surface work, followed by leasing, was ; 
carried on in the southern part of the of the Upper Cretaceous. This test was 


western Highland Rim, especially in Lewis located on a pronounced magnetic and © 
and Wayne Counties. seismographic high. 


TABLE 2.—Important Wildcat Tests Drilled in Tennessee during 1940 


Initial . 
Total | Surface Deepest : Produc- ' 
County Location Depth,| Forma- Horizon Drilled by tion, Remarks } 
Ft. tion Tested U.S. : 
Bbl. é 
Clay’. xs.crteae 4 miles north of] 1,330 | Trenton | Upper Knox] A. F. Engle Good show of oil 
Celina Ord) et al. with strong sulphur 
water in upper part 
: of Knox ; 
Dickson..... t mile south | 2,460 | L. Mis Knox Glen Rose et Tested Knox on 
of Tennessee (<-Ord) al. western Highlan 
City Rim; structure un- 
: : ‘ known aa 
Fentress...,. 744 miles west 840 | L. Mis L. Trenton | Travis Smith 50 Discovery well in a 
of Jamestown (Ord) et al. area of past shallo 
. production ; 
Lauderdale...| 1 mile south-| 2,832 | Recent L. Ordo- Raymond Drilled on magnelie 
; east of Gates vician Gear high 
Pickett. 70... 6 miles south-| 530 | L. Mis L, Trenton | Tennessee Oil 35 Discovery well in a: 
east of Byrds- (Ord) & Refining area of past shallo 
, town Co. production 
MADE OMI vassatays x 3 miles north- | 2,753 | Recent Igneous- Pure Oil Co. On a pronounce 
east of Cov- Age? magnetic and seis 
ington A mographic high 
Van Buren... 374 miles west | 2,765 | St. Louis | Knox Tenn-Ohio Good show at 167 
of Spencer (Mis) (€-Ord) Oil Co. ft. in upper Knox 
s drilled over 1000 ft 
of Knox 


TABLE 3.—Physiographic Distribution of Wells Drilled in Tennessee during 1940 


Obion 
Tipton 


Number 
. 8 ee Number of | Wells in Number of | Number of 
Physiographic Division County Wildcats Proven Oil Wells | Gas Wells 
Fields 
Cumberland! Plateawars fe ..20e whoo wee Morgan 
Northeastern Highland Rim.............. Cla ne ‘ : : : 
ackson oO I ° ° 
ickett 5 (0) I ° 
hpaiey 4 2 2 ° 
Eastern Highland Rim................... Vaa Buren I ° ° 0 
Western, Highland Rim. oo. iscssuceeceess Cheatham I 7) ° ° 
Laas 2 ° ° ° 
. . . . a ne I 
Mississippi Embayment.................. Landardsls I 5 . 5 
I ° ° ° 
I ° o ° 


Development and Production in East and East Central Texas 
for 1940 


By D. V. Carter* anp Dan C. WILttams, Jr.t 


Four oil discoveries were made in east 
and east central Texas during 1940, three of 
_ which represented new fields. In the Chapel 
Hill field, Smith County, oil was found 
where formerly only gas and distillate were 
produced. The three oil fields discovered 
are: Hawkins, Wood County; Pittsburg, 
~ Camp County; and Tehuacana, Limestone 
County. Important extensions were made 
to the following fields: Bazette, Navarro 
County; Long Lake, Anderson and Leon 
Counties; Cayuga, Anderson, Freestone 
~ and Henderson Counties; Opelika, Hender- 
son County; and Talco, Titus and Franklin 
~Counties. At the close of the year 54 oil and 
gas fields were producing in the district. 
_ There were 13 other fields, 11 oil and 2 gas, 
which have been abandoned. The East 
_ Texas field led the district in the number of 
“completions for the year. During the year 
about 622 wells (oil and distillate wells 
included) were completed and 80 wildcats 
were drilled. 
3 PRODUCTION AND PRORATION 
During the year 170,424,685 bbl. of oil 
“(distillate production included) were pro- 
duced in the district—a decrease of 2.6 per 
‘cent from the 175,053,729 bbl. (distillate 
production included) during the preceding 
year. The district’s production for the year 
“1938 was 182,369,484 bbl. As usual, most 
of the district’s annual production was in 
the East Texas field, which produced 
139,095,694 bbl. (distillate production in- 
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cluded) during 1940, or 81.6 per cent of 
the total oil produced as compared with 
141,333,317 bbl. (80.7 per cent) for 19309. 
The December estimated daily average 
production in the district was 424,565 bbl. 
The district accounted for 34.9 per cent of 
the state’s annual production, compared to 
36.7 per cent of the state’s 1939 production. 

The decrease in production for 1940 may 
be attributed to changes made in proration 
schedules. Any material changes in the 
district’s annual production may be con- 
sidered for the most part as a reflection 
of proration-schedule changes affecting the 
East Texas field, since it is by far the most 
important field in the area. 

The entire state was subject to 71 shut- 
down days for the year; the East Texas 
field to 131; and the Rodessa field (Cass 
County, Texas, portion) to 5 days. No 
important changes were made in field rules 
and regulations during the year regarding 
the allocation of oil in individual fields in 
this district. 


DISCOVERIES 


The Hawkins field is in southeastern 
Wood County in and principally north of 
the town of Hawkins. Development to date 
indicates that the field is somewhat of an 
elongated anticline trending slightly east of 
north and the proved oil area appears at 
this time to cover approximately 4000 
acres. The oil production has been secured 
from the Woodbine sand, Upper Cretace- 
ous; a considerable quantity of gas has been 
encountered in the Sub-Clarksville forma- 
tion (Eagleford shale) in the higher part 
of the structure. It appears that a free gas 
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TABLE 1.—Oil and Gas Production in East and East Central Texas 


papa kd Total Oil Production, Bbl. 


cres 


Year of 
Field, County Dis- 
covery 
3 Oil Gas’ | To End of 1940 During 1940 
g 
a 
z 
4q 
1|/B ULAMORLONES oc, Nee: re emer treare oeeicle ee ered eleva. See 1939 0 2yy 726 726 
2 Bazette, Nene Di rte cs ee 1939 75 0 106,965 93,963 
3] Boggy Creek, Anderson, 1927 960 0 4.965,186 89,657 
4| Bolivar, Denton................ 1937 600 200 10,786 4,515 
5| Bosque, South, McClennan...... 1902 | 2,500 0 anyon — 
Bl alleles! Lent a.toh io Vakiey.. Reve nek vee eect 1934} 10 | 7,500] { 7387 ges, 
7 Panola ince cect teat. cmet see kane tae 1936 0 250y 5,466 5,466 
Spe ae 844.9070 386,919C 
8| Cayuga,? Anderson, Henderson, Freestone................-- 1934 4,000 | 9,000 17,561,241 3,884,838 
9| Cayuga (Trinity),? Anderson, Henderson, Freestone......... 1938 y y epee ro 
LO Chapel Pals Sait esutets. So. ene as 1938} 240 | 3,000] { een al 
1d Collinsville; Graysonreas tests on ssiasaiehsie cata crespae ate a cris ea 1938 100 0 26,932 7,550 
£2" Coraicana SN Gta rockincnica ok acon eee cponenisindiietee 1895 6,710 7] 14,309,421 153,385 : 
Pal Cuirvigee GROTTO itesrctta se ivola'«,<!ot oe cian suelo cease ate aio eee 1921 475 y 6,868,209 37,454 { 
14] East Texas,? Cherokee, Gregg, Rusk, Smith, Upshur......... 1930 | 136,000 | 2,000 { 1,580 sien 130,004'b8 } ; 
Lo} Rlag ake Henderdoie: oo: ses. te,. oeeslsaieeg ce ee eee 1937 300 0 413,318 123,400 
LOU Ginter Angeline cay csc cies os ae aaa let oe etn See es 1936 60 0 24,926 7,675 
17 | Grapelandy? Houston setcew © hen a haji aeyade eit miata ee 1936 30 x aaa ria 
ue Epes Limestone?) 429 take eee ee ie { tod - Bers : M 
DUN PR any icanis ti O00 sce onndde tia tals Win imum Rate eects ae 1940 4,000 z 450 450 : 
21| Hemby (Blkhart),! Anderson. c...c.0.00ccecccecccvaceves 1938 0 lyy 3,467 2,907 7 
22) Hull,! Panola..... ROT Hoke Ment RID OT rs Se OOO ISO: ASI 38 1936 0} 19yy 31,481 14,942 
231 ELIEtHRT ON, A TGCLsTURy cai sta's'  W a:lblarexe B aprieere clean steve ie ate 1936 100 0 11,719 1,394 
ZA DOBCUIN, YS /VOUDY. stern Subst Raza eseiniotatelen laste siaeNl cite wie tele 1931 0} byyy 78,862C 34,543C 
QE Lone Stat, Gnerokee.cccctccwartts. ce toes ae acai aoe 1938 100 vy : Gece i Patt 
466,609 074,8 
26| Long Lake,? Anderson, Freestone, Leon.................04- 1933 | 10,000 v { 3'216,459 79'140 \ 
AU LONG MORN sav sop wamene oasphr elaine at isinbsc oath sinre a ekeinves 1937 Buy 0 27,277 5,663 
28| Marion County (shallow)....2.........6620eeeeeeeeeeees 1939 670 x 122,912 115,299 
ZO Mexia Limestone; ac swt nee patie wg eeciaasteein Eaw ene 1920°| 3,920 y 97,250,837 570,133 
30} Nacogdoches, Nacogdoches...............eeeececuceceees 1865 iB 0 430,923y9 4,2709 
ing.? 2,270 155 
31 Nayar Cropaing; ELOURON Sata mualinin in wa caetiee uteruee 1938 1,040 | 3,451 { 406'320 190,201 \ 
B2| Nigger Crook, Ztmestoness >. iaevice ss sie’ maww aieaaiiewsa 1926 170 y- 2,999,439 116 
135 0 
BS} Oak woods Let, 2 os a syarrasncal awa sia Pearman wie tention 1939 0 | 1,000 bile Pete 
ika.2 5509 9,9 
GA Opelika Silt ENAENONawarsingins Soci eb ater viele Th Sine e aR 1937 x r 16,09 5,703 
SU Panola eecen cov orehst ere 848 } 
35 Paral (Bethany),? Panola 1921 60 | 23,000y 50781 7397 
36} Porcilla, Howstons. oie. overt stslvsies oes sivoeveans dens 1937 luyy y 29,551 5,244 
SAE MRDUL EN COMP ait 5 cee terns gatels sieldess’s acme wae elt 1940 r x 11,230 11,230 
88) PostiOak (Chilton), Walle. evesjescvieie was ai nae a adn, deutels 1922 lyy 0 178,187 812 
20/\Potter (Caddo), Martotinn. sicawsiieesvseysepasns «sears 1905 980 0 7,651,100 22,778 
SO Potighoro anaes cneeen eens unt Susie derdnhie ako 6 1928 20) 1yyy 9,657 1,155 
AD PAWEL DON Gtanrol. Wants daar myreeec sissies ees tonne ac 1923 | 2,600 uv 110,601,183 631,795 


» Footnotes to column heads and explanation of symbols are given on page 256. 


1 Distillate field. 


2 Oil and distillate field. Upper figure distillate 


5 Includes Mildred, Angus-Edens, Hodge, 
6 Includes North Currie. 


production. Lower figure oil production. C indicates cycling plant. 
Burk Rice, Oil Ridge and Old Powell shallow. 


9 Includes production from Chireno and Jennings fields. 
4 Includes shallow production discovered and produced since 1923 in the Powell Woodbine producing area. 
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TABLE 1t.—(Continued) 
a tne ie tS a ae rs 


Oil-production 


Reservoir Pres- 
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wipe UN ete 


3 South dome. 
4 North dome. 


7 Includes estimate of gas produced with oil and gas produced from gas wells. 


8 Upper sand. 


Total Gas Production, . 5 Characte 
ae Number of Oil and/or Gas Wells Methods, sure, Lb. per aracter 
Senge End of 1940 Sa. In, oH, 
During Number of 
‘aan End of 1940 as a 
Com- 
. Avg. at A.P.L. at 
5] To End During pleted qt ve 0, 3 
| of 1940 1940 | toEnd | gy | a ae Natal Bad of eae toe 
=| of 1940 | 3 | & | EA] 8 2 w« | 3 Bei eee 
a ail Bisgel Be Ss 5 ‘8 2a | Average 
’3 /s|fe| 2S |22| = | Ss Be 
a Oo} = je?) & a & |< Zo 
i 536 536 3 1h al 0 0 3 0 0} 2,310 | 2,195 61.0 
2? a x an ee Se 8 0 6 2 y y 42.0 
3 o 2 Sar fl, Owls 380 17 0 0} 17] 650 y 38.5 
4 x % 10 2 0 3 1 3 0 1 y y 40.2 
5 x x 59y| 5| 11} 0 49 0 of 407 oad y 41.0 
4 185 | 1,8328 48.0 
~6 4,820 | 1,568 TU Me Sa hg DIO a aera cee yea 
7 316 258 2 iso] 2 0 2 0 0 a | 2630 55.5 
-8| 76,919 | 19,759 316 | 20| 2) o@] 272 | 44) 471} 101) 1,750 | 1,480° | PM {38:6 } 
~9| 16,166 4,450 4 Dh Oh Oo 1 3 1 0 y y (PM 1 8G 
os 2,900 y 74.7 
10) 4,018 2,553 or sr Ti 6 ene CP SM eo ee jo28 
ti 2 0] a1 0 2 0 0 2 390 y ae 
p32 2,941y 4 0 0 627 0 0} 627 y y 27.5 
13 2 z 54y| 0] of 0 13 | 0 oO) 18 y y 40.5 
14} 561,2177 | 49,3797 | 26,904 | 328 | 372 | 123 | 25,921 6 | 17,831] 8,090 | 1,620 | 1,054 { ae 
15 2 x 22 Se) wy 1B 0 Olean toni i304 y | a \ 
16) ra x 4 Tk 0) 4 0 0 4 y y 20.9 
17} 3,358 3,106 a aa Os) 4 1 bets 1 0| 2200 | 2,170 | PM bee \ 
“18 11,800y y 30y 0 0 0 0 x 0 0 275 y Gas only 
19 70 2B Behe Ole 21. 6 6 123 0 0| 875 y 
20 x £ 1 i} .9| °e 1 0 1 0 | 2,026 | 2,026 15-28.5 
21 147 0 es Pa a a ee 0 1 0 0 | 2,200 y 59.2 
221 1,403 768 Bolo Web| 6 0 2 0 0 | 2,660 y 64.7 
23 x x ER fay (el a ta 1 0 0 1 y y 23.6 
24) 4,537 286 24} 2)|-0.|. 0 0 | 14 0} of 2550) y { 38°0 
25 2 Pa Salts OOo 1 1 0 0 ql 1,378 y 35.0 
26] 53,827 | 14,786 4 | 36/ 7] of] 115 | 59] 108| 7 | 2440) 2,253 | pm | {7-0 } 
(27 x x 4 1 0 2 3 0 0 3 y y _ 29.3 
28 x z Bees yt 38 0 0| 38 y y 40.0 
29 x x 562y | 10| 37] O| 214 0 o| 214 y y 35.0 
30 r x Soy; 2| 2] oO 40 0 0| 40 y y 23.0 
Bl; 5,024 2,029 Mpeg Sill orP et 20 4 20 0 | 2,700 | 2,610 {34 \ 
32 x a ile Oys Oh. o4 1 0 0 0 y y 40.0 
33 30 y Gh ROvet Cite CoN 2 O80 vio {oho} 
250 | 3,203 58.7 
34} 2,835 2,512 6 Si a} a 1 5 0 1 ei 3 Bs a 
a sie 60.0 
85] 150,002 2,029 351 i: Caria a 4y | 82 0 4y y y {98:0 \ 
: 4 22 2 Ol: ari a 1 1 0 0 y 41.0 
Be ve x 1 ie ee ee 1 0 1 0| 3,408 | 3,408 42.3 
38 x t 2y| 1] of 0 1 0 0 1 y y 33.0 
39 x a 66y | 6] 1] 0 25 0 0| 2% y y 40.0 
F ~ 
40) x x alt. Oy 0” O 2 0 0 2) 300 y 38.8 
Al x z 763 | 221 34] O| 145 0 0| 145} 00x} y 37.8 
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TABLE 1.—(Continued) 


5 Tested 
Producing Formation merge, : 
Depth, Avg. Ft. F 
Lat g : 
x Name Agee ‘ 5 Structure” Name / 
g & 2 Top | Bottoms} ‘s z se 
= z — Prod. ‘od. a + al ol 
mA E g Zone | Wells 2b as 
fs a} a Bie aa 
1| Lower Glen R CreL § y 5,584 | 5,611 25 AF | Travis Peak 6,051 
2 Woodhine™ i CreU f 21-25 2,992 | 3,008 15 AF Woodbine 3,008 
3} Woodbine CreU N] 25 3,632 | 3,666 34 Ds Fredricksburg 4,648 
4! Cisco Pen 8,L y 1,630 | 1,683 25 AF Ellenberger 2,530 
5} Basal Walnut CreL DL y 450 | 475 3 AF Trinity 1,800y 
6| Woodbine CreU 8 u { B85 eet a } D___| Washita CreL 6,300 
7| Lower Glen Rose CreL OL 18-21 4,984 | 5,040 20 MC Lower Glen Rose 5,040 
8|} Woodbine CreU s 25 3,680 | 3,758 78 AF Trinity 9,085, 
9) Lower Glen Rose CreL L y 7,600 | 7,612 10 AF Trinity 7,612 } 
10] Paluxy (3 21} 5.600 | 5,700 50y 
L. en ose y 7, A VAS . 
(Rodosss) hon 1 { A Travis Peak 
L. Glen Rose (Pettit) L y 8,000 | 8,100 40y 
11} Strawn Pen 8 y 3,848 | 4,219 20 ML Strawn 
12| Nacatoch Corsicana 
(Wolfe City) CreU 8 7] 800 | 1,260 12-20 AF Woodbine 3,570 
13] Woodbine CreU 8 22 2,930 | 2,990 20 AF Woodbine i 
14] Woodbine CreU 8 25 3,632 | 3,665 35 Shore-line | Paluxy 5,0: 
15) Woodbine CreU 8 21-25 3,050 | 3,075 5 AF Travis Peak 6,51 
16} Carrizo Eoc s) y 2,186 | 2,200 10 ML Wilcox 2,2 
17| Woodbine CreU 8 25 5,976 | 6,083 25 A Woodbine 6,25) 
18] Nacatoch CreU Ny) 25.5 710y| 750y 40y AF . 
19| Woodbine CreU 8 20. | 2,945 | 2,960 15 AF } Woodbine 3,2 
20| Woodbine CreU 8 y 4,500y| 4,919y 150 D Woodbine 4,9) 
21] Woodbine CreU 8 25 5,409 | 5,422 Vv Woodbine 5,48 
22] Glen Rose CreL L 23 5,930 | 5,940 10 D Travis Peak 6,01 
23 i id 2 Koc 8 7] any ere - ML Mt. Selman 1,4: 
pper Glen Rose ‘ i 0 
24| Lower Glen Rose CreL. L y 5.070 | 5,138 30 \ D_ _| Glen Rose 5,138 
25! Woodbine CreU § y 4,006 | 4,010 4 Af Woodbine 4,015. 
26} Woodbine CreU 8 25 5,170 | 5,250 32 A Trinity 9,96 
27| Buda, U Washita CreL DL y 1,250 | 1,275 10 Af Edwards 
28| Tokio _ CreU S) y 2,336 | 2,346 10 A Tokio 2,34 
29} Woodbine CreU 8 25 3,000 | 3,085 50 AF CreL or older 
30| Weches Eoc SH 7] A! ; B se - ¥ oc ean CreL 5, 
. % 575) ni as ‘aul . : 
31] Woodbine CreU S ‘| 21-24 {Fie Pies oy on cult me } Woodbine 5,900 
32] Woodbine CreU 8 25 2,820 | 2,870 15 AF Woodbine 3,509 
33] Woodbine CreU § y 5,838 | 5,841 3 D Woodbine 5,913 
Lower Glen Rose 8,170 | 8,180 . . 
34| Upper Glen Rose CreL LS | 18-20 {Pies sone } 40 AF | Travis Peak 9,311 
35| Various" {Gra SL |  y | 1,100 {5,700 40 A | Salt 11,303 
36] Woodbine eU S y 5,665 | 5,670 5 A Del Rio, CreL 6,634 
37| Travis Peak CreL S 12-19 7,948 | 8,035 62 A Travis Peak 8,087 
38] Buda CreL L y 1,025 | 1,046 10 Af Trinity 3,567 
39] Nacatoch-Tokio CreU 5 20 {3300 Wn 4 \ A Tokio CreU 2,366 
40| Trinity (Basal) CreL 8 y ‘330 | ‘838 8 MU | Ordovician, or older | 6,004 
41| Woodbine 8 25 | 2,925 |3,000 40 AF .|Trnity | 6506 


Jeter (Glen Rose) 5700, gas; Pettit, gas. 


10 Nacatoch 1100 ft., gas; Buckrange 1700, oil; Barlow 2300, gas; 


Adams 2650, gas; Tiller (Paluxy) 2300, gas; Werner 3600, gas. 


¥ Sy) 
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cap exists in the Woodbine sand at the 
crest of the structure. The existence of this 
“gas cap” decreases the acre-feet of oil- 
saturated Woodbine sand. Although devel- 
opment has not been sufficient to indicate 
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the regularity of the oil accumulation with 
respect to subsea depth, it is believed that 
stratigraphic conditions within the oil 
reservoir will have a material effect upon 
the extensions of the field. The Hawkins 


TABLE 1.—(Continued) 
ee ee eee eee Ae ee a! een ee a 


pre Frered, Total Oil Production, Bbl. 
: Year of 
Field, County Dis- 
7 covery 
iI 
z Oil Gas? To End of 1940 During 1940 
4 
3 
3 
2 Seemreriasicl EeEr ys’ PanGl@ in iocccisisieicis.cw ie tioiide ula’ sie anieeole ole « 1936 0 3uy 42,244 17,274 
BeclReddake,! Mreestone. wo. o5 acts coisa caceddaessaatesedes 1934 01] 38,yyy 1,605 207 
BEN ETCICLIANC CV QTANTIOS cieectaten ct i oon se oese daniel ciclesneiore 1924 440 y 6,640,904 7,646 
» 45| Rodessa (Dees-Young), Cass..............200000ceeeeeee 1935 5,010 | 3,250 25,726,536 3,106,350 
46| Rodessa (Gloyd), Marion........02..c2cccceeteeecceeees 1937 4,035 | 10,150 9,845,727 2,614,201 
MAAPTVOUeRsa (CHOY) Cake de oe ots sae cs Pistols arcie vite vliaeibieisrdaieioce 1936 1,885 | 10,150 8,010,157 890,863 
: PEABO ORSE AL URL ees Acs tere Acton ia cie einen a esieniocre aie yeas acess 10,930 | 23,550 43,582,42012 6,611,41412 
~ 49] Rowe and Baker, Henderson.............0.0.ccceeeeeees 1939 80 0 50,013 45,029 
BBS HC DY WINGS SREUY 2. ccie tase foc nseimarcia ee aia ce evarre ele wWelele 1917 50 0 13,576 2,555 
Seprsulphur Blufl, Hopkings <. cose. cceccss seer see va noses ows 1936 855 0 6,458,471 1,518,699 
BAIELALCON TT OMKUUT; LAtUS 0, crel miele Sar top vstcle sds oss a'0Ld as ots 1936 7,770 0 39,091,392 8,804,784 
MEDS BUCHUACRIIR, LAMESLONG. 5 ye) occicisicj2 aie cieue oe nie dinielnie « olstn’s oie 1940 60 0 130 9,130 
Berle trinity (Kittral)) Houston. cers 01. ce cies cicsee esc nse tele cine oe 1934 280 0 1,618,546 119,422 
mepol van (Deep); Van Zande, stsisicici-l-i2,dgcin co's efete ee an eieisle mer 1929 4,520 60 125,865,742 4,434,703 
Bepolavan (Shallow),-Van Zandt... ccc. deses sevens ecsaceeeties 1933 200 0 290,159 26,533 
57| Van, Total........ RI Dig cs RM eT leben a, Syn Pendo on Sda cabot ey 4,720 60 126,155,901 4,461,236 
x ; 65,680 25,322 
G68) Waskom,? Horrison......0.0..0.cseesssreeeeeeeseseees 1924 | 1,500 | 6,000 { Tey ee \ 
B59!) Willow Springs,! Gregg... 21.0. s0ceccesscee eee esleeeeeas 1938 0 x 16,390 10,587 
z BOW Wortham 1 FyeestOns.. sic sa cia eae bares cinvewmeiernaseres 1924 715 0 22,610,359 43,352 
4,463,210 2,929,10016 
DT rot ic fe cess Sf aes 1 bose ntiemasaics | 2,004'802.773y sefnessee \ 
: ABANDONED FIELDS 
Zs 
Year 
Dis- | Year 
‘ “1935 ANS 10 0 750 0 
©62| Beulah (Lee-Tex), Angeling..............+.ee +00 935 935 
663 Camp ile ae TORS ascii ni Cie REO sty el 1935 1937 200 0 289,030 0 
lose en la 1927| 1930} 30| 0 330,600 0 
— 65 Chatfield, Nosarro Re here ath vate hve peak a aries a8 or 1905 1910 0 150 0 0 
Bp DeBerry eR Panola oc dosenes sasart sine se tania 2 1926 | 1932 100 50 29,166y 0 
BOT ISOSSC, LiAMECSLONE sc crsceas sxccis mo tee wasn are wea e sete 1922 0 33,000 0 
_ 68} Marlin-Satin, Falls........ ede peacmishaetesnvaiee 1931 0 0 
~ 69} Mexia (Shallow), Limestone.............+0+0+0055 1912 4 0 
er Mount: Calm) Hill. ciwccces treet adie ve wee eeia ves 1929 £ 0 
Mezl| Redland, Angelindis. scveccrecs ccccccercceere rcs 1939 0 0 
oh | Riel ee (GPa) 27 aire Sahn ODD Ot ae Ey OEE CIE aor 1934 0 0 
$73) Tacoma, Panola... 1.0.2 snvcers cree ceee seers ee 1933 0 0 
4 ucesroon Moke, t pee Ki eons maaePR sah yeansbee Di 1915 0 0 
. 75 Total, Abandoned Fields....................- sonodoo 
Grenier tO talc cts cioroie: ore tatsasvs agesare eStore ete, AleSedere 167,495,585 


Pee rere 


12 Production by horizons estimated. Includes distillate production. 


15 Wortham shallow discovered in 1912 included with 


ortham. 


16 Cycling-plant distillate production included with crude distillate production in fields having cycling plants. 


t 
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field is the most important oil discovery the Hawkins field, although it was not. 
for this district within the past decade, or officially completed until Jan. 11, 1941, or ’ 
since the discovery of the East Texas field. after Jackson and Rotondi’s No. 1 Cobb 
Bobby Manziel’s No. 1 Morrison well is Heirs was completed on Dec. 31, 1940. 
generally considered the discovery well for Subsequent development shows that the 


TABLE 1.—(Continued) 


Total Gas Production, Number of Oil and/or Gas Wells ag Ser ha biel 78 es Character 
Millions Cu. Ft. End of 1940 CAE of Oil 
During Number of 
1940 End of 1940 Wells ax 
; Com- - Avg. at APT ot 
'8| To End During pleted be Initial | End of | Fy, | 60°F. 
g of 1940 1940 toEnd | ¥ | B |S] w 20 > 1940 |5.8] Weighted 
3 woe lalzet Ss. (en) £12 22 | Average 
fils |aa = z Se a 
3 é| 4 |e4| 25 [26] € | $8 gS 
42 2,786 1,154 2 aie I a 0 2 0 0 y | 2,914 61.0 
43 1,940 143 3 OF a0 \eaeal 0 2 0 0 | 1,855 | 1,775 y 
44 x z 108 el | "Od o40 3 0 Cas y 38.4 
45| 88,521 14,010 278 Ons o 259 5 103) 156 | 2,700] 904 3.2 9 
46] 28,381 10,362 165 0} EON aees 151 11 137 14] 2,677 | 1,382 42.0 
47| 29,725 5,791 72 Ol Talis 59 0 23 36 | 2,700] 690 42.0 
48| 146,627 30,163 515 0| 10} 15 469 16 263) 206 
49 x £ 4 2 0 0 4 0 1 3 y y 314i 
50 y y 2 Ol eOn eet 1 0 0 0 y y 37.0 
51 0 0 7 ico | 04 Oe 6 7| 66| 1,900] y 24 
52 y y T7178 esha |= 0 726 0 14] 712] 1,920 y 20.6 
53 z z 8 ig = oa a 3 1 1 2 y y 21.0 
54 y y 20 Oa a0u) ao 16 0 1 15 870 y 24.0 
55 y y 575 (allp tiie ate 5598 | 3 332| 227] 1,230 | 1,109¢ 34.0 
56 y y 38 ole Theo 32 0 0 32 y y 31.0 
57 y y 613 i) Re a 591 3 332| 259 
58| 102,940 4,017 240 | 10) y| 3 20 | 90 0 20 2,040 950 61.8 
2,334 | 2,262 59.5 
59 1,331 863 4 OPN Cu eee 0 3 0 0| 2,870 y 56.9 
Bie i4| ed 29.0 a 
60 a x 0 rv 0 ee yyy {370 
61| 1,153,393 | 140,389 | 35,339 | 622 | 540 | 160 | 29,464 | 382 | 18,762] 10,698 
ABANDONED FIELDS 
62 0 0 
63 y 0 “4 
y 0 z 
65 4,750 0 
66 & 0 z 
67 0 0 PA 
68 0 r 
69}  20,200y 0 = 
70 2 0 3 
71 0 1 % 
72 0 0 vs 
73 0 0 z 
74 0 0 Zs 
75| 24,950 1 


1,178,343 140,389 35,550 29,464 | 382 | 18,762 | 10,698 


18 Three wells producing from Sub-Clarksville. 
14 Brown sand. 
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Manziel No. 1 Morrison topped saturated the field. Maximum net oil-saturated thick- 
Woodbine sand near the oil-water contact; ness of the Woodbine sand encountered in 
subsea top of saturation is 4477 ft. and any well completed to date is approxi- 
subsea bottom of saturation is 4507 ft. This mately 210 feet. 

well defines the productive limits of the H. S. Moss et al. J. Venters No. 1 in the 
Woodbine sand in the northwest sector of |S. Wright survey was completed Aug. 29, 


TABLE 1.—(Continued) 


SS SSSSSaesesese 


Producing Formation Bees cee eee 
Depth, Avg. Ft. 
3 & Name Agee ~ é Structure’ Name 
EI & Re Top | Bottoms} "5.5 se 
ie 3 PS Prod. | Prod. | 4 oe 
e 5 S Zone Wells 2 po Bc 
2 5 & za am 
42] Lower Glen Rose (Pet- | Crel OL y 5,825 | 5,905 y MC oe Rose | 5,905 
tit etti 
43 Woodbine CreU 8 20 4,850 | 4,950 25 AF Woodbine 5,002 
44) Woodbine CreU 8 25 2,975 | 3,040 20 AF Glen Rose 5,414 
45] Dees Young, 
: Lower Glen Rose CreL L 17 5,794 | 6,040 25 AF 
46] Gloyd, 
Lower Glen Rose CreL L 15 6,044 | 6,094 20 AF 
47| Gloyd 
L 8, L 16 5,914 | 6,000 20 AF 
48 ke ea aead ae sah Hee or older | 11,484 
: i CreU 8 20y 3,140 | 3,149 6 oodbine 3,149 
, A LA aaa CreU §,L y 2,690 | 2,700 10 ML | Georgetown 3,400 
51) Paluxy CreL 5S 25 4,487 | 4,523 36 AF Glen Rose 6,600 
~ 52| Paluxy CreL S 20 4,200 | 4,300 35 AF Glen Rose 5,903 
53] Woodbine CreU iS) y 2,640 | 2,700 10 AF Georgetown 2,825 
54| Carrizo Koc 8 y 1,995 | 2,013 10 Ds Salt-dome material | 3,855 
ee ee | re 8 | 8 
3 od Nacatoch CreU y , , oats Poe aio 
58 ae eo CreU LS, 8, L 4 800 | 6,160 15-40 A Travis Peak 6,340 
5 Travis Peak 10-15 
a Geet: 1, y | 7248 |7.286 s5y | D- | Cotton Valley 10,284 
U § 1,361 | 1, 
Bel Woalbine Cre 8 25 | 2,990 | 3,050 35 AF \ Glen Rose 4,825 
= 61 
ABANDONED FIELDS 
62] Queen City Eoe 8 x 2,045 | 2,053 5 Carrizo 2,324 
63 Pee CreU 8, SH y | 5,054 | 5,059 5 AF | Lower Glen Rose | 8,383 
64| Woodbine Cre S 25 | 21885 | 2,940 10 AF | Woodbine 3'310 
- 65} Corsicana (Wolfe City)| CreU x 880 ed 13 an Sed eet 
~ 66] Blossom CreU Ss, H y 1,990 | 2,08 y ssom ; 
Unknown x aw | 3,767 £ Crev Glen Rose 6,056 
al CreL L 20 | 1,000 | 1,160 20 AF | Glen Rose 1,409 
. Bu 2 : CreU g 25.5 710y| 750y 40y AF CreL or older 8,845 
9 Nae 06 CreU CG x 607 | 700 8 ¥ Travis Peak 3,398 
pp ate in oc Sg y 1,021 | 1,032 8 ML Wilcox 1,032 
i lp 0 eae CreU Sg 20 5,120 | 5,125 10y MU __| Woodbine 5,302 
al Blossom Grol s y 2,073 | 2,085 ML | Blossom 2/302 
74 Navakecti CreU iS) 14 825 | 875 AF . | Woodbine 3,480 
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1940, as the opener of the Pittsburg field 
in Camp County. Oil production was 
obtained from the Travis Peak at 7948 feet. 

The Tehuacana field in Limestone 
County was discovered by the Zephyr Oil 
Company’s No. 3 Peoples, which was com- 
pleted as a Woodbine producer from 2808 
ft. Several dry holes have been drilled in the 
area and only three producers have been 
completed to date. 

A gas-distillate-producing horizon was 
added to the Chapel Hill field in Smith 
County by the completion in the Paluxy 
of Shell and Sun’s No. 1 B. Moseley in the 
L. Hands survey. The Pettit oil-producing 
horizon was discovered by Shell’s No. 1 
H. Campbell in the Phillip Liveley survey. 

Asa result of these discoveries many addi- 
tional blocks of acreage have been leased in 
Anderson, Cherokee, Raines, Rusk, Smith, 
Van Zandt, and Wood Counties. It is 


believed that many important wildcats will 
be drilled in this area in the next few years. 

Several oil wells were completed in the 
Woodbine sand of the old Wortham field 
during 1940, with potentials ranging from 
25 to ot bbl. per day. 


PricE CHANGES FOR CRUDE OIL 


With two exceptions, the posted prices of 
crude oil for the fields in this district were 
not changed during the year. 

Mexia Field.—Sinclair-Prairie Oil Mar- 
keting Co., effective July 16, 1940, posted 
a flat price of $0.75 per barrel for all 
gravities, in place of the former schedule of 
$0.76 per barrel below 29° A.P.I. gravity 
with $0.02 increase per degree up to and 
above 40° A.P.I. gravity, $1.00. 

Long Lake.—Sinclair Prairie Oil Market- 
ing Co., effective Jan. 20, 1940, posted a 


TABLE 2.—Summary of Drilling Operations in East and East Central Texas 


Discoveries, Extensions, and Important Wildcats Drilled during 1940 


County Drilled by Well No. and Farm Survey pas 
: 
' 
| | ——————__ 
1 1, 0. G. Rogers W. Greenwood : 
2 1, W. D. Wall J. Downey ; 
3 1, J. Venters S. Wright Travis Peak — 
4 1, 8. H. Maness J.M. Musquez : 
5 1, P. B. Utley D. J. Claypool 
6 ib Lewy Fee Est. 8. P. Ford : 
7 1, R. L. Sypert R. Hooper 
8 1,M.J. O. H. P. Bodine 
9 sia et al. 1, B. F. Chapman F. Hopkins 
10 1, G. E. Dorsey M. Sallas 
11 Zephyr Oil Co. 8, Peoples R. Scott Woodbine 
12 ryan et al. (Gulf) | 1, F. Beville Est. J. J. Murray 
13 Bolen & Thomason | 1, L. H. Crenshaw T. Cox 
14 .| Smith & Turner 1, First State Bk. G. Gillespie 
15 .| J. Z. Werby et al 1, L. B. McMillan W. F. Allison 
16 .| R. T. Myers et al 1, D. G. Buckner D. Warren 
17 .| Harrell et al. 1, F & M Bank M. D. Carmel 
18 J. 8. Harrold et al. 1,M.J. Armstrong | M. D. Carmel 
19 Sturns & Womack 1, J. H. Keefe L. Gross h 
20 Superior Oil Co. Tulsa | 3, Pickering Lbr. Co. | T. Haley , 
21 Superior Oil Co. Tulsa ‘ Pickering Lbr. Co. | W. J. Crane 7 
22 Shell 1, H. Campbell P. Liveley Pettit ; 
Setae Gheith cc. Kin elena ae See Sun & Shell 1, B. Moseley L. Hands —_| Paluxy | 
24 NE concen Sr ate ee er MaRS se netsh, Camerson Corp. 1, T. Simpson R. Walters 
25 Wend hat Sa rcncse'e UAL aT at Aa a eae B. Manziel et al. 1, F. M. Morrison J. Pollock Woodbine 
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price of $1.08 per barrel flat. This price 
remained in effect throughout 1040. 

Sulphur Bluff—In this field, in Hopkins 
County, the American Liberty Pipe Line 
Co. disposed of its connections to the Talco 
Pipe Line Co. but no change in price was 
made. 


CONSTRUCTION OF PreE LINES 


The Pan-American Pipe Line Co. com- 
pleted a gathering system in the East Texas 
field and a trunk line from the field to its 
Tidewater Terminal at Texas City, Texas. 

The trunk line consists of 58 miles of 10-in. 
pipe, 144 miles of 12-in. pipe, and two 8-in. 
_ lines for a distance of 12 miles; total length, 
~ 214 miles. 

The Southern Pipe Line Co. installed 

_ gas pipe lines from the Willow Springs field, 
_ Gregg County, 214 miles, to the city of 
_ Longview, and 11 miles of line to Glade- 
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water. About to miles of additional gas 
lines has been completed between Glade- 
water and Kilgore and 6 miles in the Willow 
Springs-Greggton-Longview area. 


CYCLING AND PRESSURE-MAINTENANCE 
PROJECTS AND SALT-WATER 
DISPOSAL 


Three cycling and pressure-maintenance 
plants were completed during the year. 
Tidewater-Seaboard placed its plant in the 
Cayuga field in operation on May 1, 1940. 
The daily capacity of this plant is 40 million 
cu. ft. and the processed gas is returned 
to the reservoir at a wellhead pressure of 
1245 lb. The Lone Star plant, in the Grape- 
land field, placed in operation on June 24, 
1940, has a capacity of 70 million cu. ft. per 
day and will operate with an average input 
pressure of 2800 lb., The Grapeland Oil 
Co. has had a plant with a capacity of 55 


TABLE 2.—(Continued) 


Discoveries, Extensions, and Important Wildcats Drilled during 1940 


Initial Production Pressure, Lb. 
per Day acts og per Sa. In. 
Depth | Total Deepest Beane 
: Com- Depth Horizon ; inane Remarks 
pleted Tested Oil, Gas, Mil- of an Inch x ; 
U.S. Bbl. = Cu Casing | Tubing 
3 t. 
1 5,407 | Woodbine Dry hole 
2 6,222 | Travis Peak Dry hole ; 
3] 8,087 8,087 | Travis Peak 152 Y 250 300 | Discovery well, Pittsburgh field 
4 4,788 | Georgetown Dry hole 
me 5 4,506 | Georgetown Dry hole 
6 7,308 | Pettit 0.08 2,945 Gas distillate 
7 4,559 | Paluxy Dry hole 
8 4,693 | Paluxy Dry hole 
9 5,913 | Travis Peak Dry hole 
10 10,900 | L. Glen Rose Dry hole 
11] 2,808 2,808 | Woodbine 10 Discovery well, Tehuacaua field 
12 4,942 | Travis Peak Dry hole 
13 6,111 | Travis Peak 40 Gas well 
14 5,040 | L. Glen Rose 17.5 2,303 Gas distillate 
15 4,140 | Georgetown Dry hole 
16 4,335 | Georgetown Dry hole 
17 6,802 | Travis Peak Dry hole 
= 18 7,506 | Travis Peak Dry hole 
19 6,173 | Mid-Way Dry hole 
a es E ae es ne, hole in Paluxy 
: 6 6 cs A « 
22) 8,068 5600 Travis Peal 878 36 1,500 665 At! well, Pettit, oil, Chapel 
el 
23} 5,810 8,254 | Travis Peak 202 7 2,100 2,093 | Discovery well, Paluxy, Gas Dist., 
‘ i ; Chapel Hill field 
i ry hole , 
a 4,919 ieee ooppine 124 Discovery well, Hawkins field 
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million cu. ft. per day in operation in the ACKNOWLEDGMENTS 

Grapeland field since August 1940. The authors wish to express their appre- 
Disposal of salt water to suitable reser- ciation and thanks to the following com- 

voirs in several fields in this district panies and individuals for their cooperation 
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Fic. 1.—LOcATION OF OIL AND GAS FIELES, East AND East CENTRAL TEXAS (Texas RAILROAD | 
COMMISSION DISTRICTS 5 AND 6). 


continues to be the accepted method of in furnishing data: Dr. F. V. L. Patten, 
handling what formerly was a troublesome Texas Railroad Commission, Austin, Tex.; 
problem in fields where salt-water disposal Mr. Donald F. Rowland, American Liberty 
was deemed necessary. Oil Co., Dallas, Tex.; Mr. R. O. Garrett, 


ee 
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TABLE 3.—Production Statistics, East Texas 


Field 

Average Reservoir Num- 

oe Pressure at Production, Bbl. Dee of 

—3300 Ft., Lb. | (42 U.S. Gal.) BS 

240 per Sq. In Shut 

Ss ak Down 
Jan. 8 I,061.35 12,386,445] 13 
Feb. 8 1,063.82 II,719,359] 12 
Mar. 8 TOOs Sa 12,393,616] 13 
Apr. 8 1,059.95 I12,421,746| 12 
May 8 1,056.16 II,761,458| 14 
June 8 I,059.61 10,359,773] 14 
July 8 1,064.14 12,432,722 7 
Aug. 8 1,063.60 11,436,648 9 
Sept. 8 1,060.08 10,883,881 9 
Oct. 8 1,059.68 II,410,725 9 
Nov. 8 1,057.76 10,872,871 9 
Dec. 8 1,054.39 10,860,995| 10 
Average 1,060.50| Total 138,940,239] 131 


7 Data from Texas Railroad Commission. Late 
reports increased total production to 139,004,581 


- barrels. 


Arkansas Louisiana Gas Co., Shreveport, 


eae Me. J. 9S, Hudnall, Tyler; Tex; 
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Messrs. Morgan J. Davis, Perry Olcott, and 
J. I. Riddle, Jr., Humble Oil and Refining 
Co., Houston, Tex.; Messrs. L. T. Potter 
and E. A. Brown, Lone Star Gas Co., Dallas, 
Tex.; Mr. Walter Ziegler, H. S. Moss 
Petroleum Co., Dallas, Tex.; Mr. L. A. 
Ogden, Pure Oil Co., Ft. Worth, Tex.; 
Mr. Melbert Schwarz, Seaboard Oil Co., 
Dallas, Tex.; Mr. F. E. Heath, Sun Oil 
Co., Dallas, Tex.; Mr. E. L. Rawlins, Union 
Producing Co., Shreveport, La.; Mr. L. A. 
Hancock, Magnolia Pipe Line Co., Gregg- 
ton, Tex. They wish also to thank the 
following Magnolia Petroleum Company 
employees for assistance in the preparation 
of this paper: Messrs. C. A. Awalt, J. A. 
Walker, W. B. Powers, Lester T. Daniels, 
J. W. Clark, Wade Smith, M. S. Priddy, 
Mrs. Margaret Lindsey and Mrs. Jessie 
Myers, Dallas, Texas. 


TABLE 4.—Oil Recovery Data on Older Woodbine Fields as of January 1, 1941 


Cumulative P d ne. Comae 
. . - ction, 
Field County tal Pies Ea: Acre-Feet Bol per 
i Ft. Acre-foot 
meBbosey Creel... ene eee oe Anderson 4,965,186 960 34 32,640 152 
BOA GALS te rscawiate oe 2 hash ta cookers Anderson, Chero- 17,561,241 4,000 78 312,000 56 
kee 
SPRITE ete sects: 5. saya revere, aaa sah res Navarro 6,868,200 475 20 9,500 723 
RESIST GIN 2S RS Cherokee, Gregg, | 1,580,885,058 | 136,000 35 4,760,000 332 
Rusk, Smith, 
' Upshur 
BVI Pe race cc tee fa) ec bude dvend wis 6 Limestone 97,250,837 3,920 50 196,000 496 
Nigger Creek.iccccci ec ce ees Limestone 2,999,439 170 I5 2,550 1,176 
OWE eeencseret ysis cenevedate anita s, thercevs Navarro 110,601,183 2,600 40 104,000 1,063 
SUTat Ey Ga LAN AR ane oa eee ae Navarro 6,640,904 440 20 8,800 755 
“Weges\ 1G BYES 6) Va eta eee ene Van Zandt 125,865,742 4,520 268 1,211,360 104 
BRUOTEHAM fais ..cciaere erties eee Freestone 22,610,359 715 35 25,025 904 
eC at GTEC ON, ci... leas s soe sie Limestone 330,600 30 10 300 1,102 
TSN sere Sr ahs sncte eves Cherokee 261,134 200 Io 2,000 131 


| Rael) \ 
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« Abandoned fields. 


Oil and Gas Production in the Texas Gulf Coast during 1940 


By P. B. LEAVENWORTH* 


TWENTy-srx fields were found in the 
Texas Gulf Coast in 1940 as compared to 
17 fields in 1939. Of these, 14 were oil fields 
and 12 were gas and distillate. About 150 
wells were drilling at the end of the year. 

Production for the year 1940 amounted 
to 104,127,247 bbl. as compared to 100,- 
253,037 bbl. for 1939. 

Considerable wildcatting for Wilcox pro- 
duction featured the exploration, but 
discoveries were few and the type of fields 
found mainly gas and distillate. On the 
whole, the program was discouraging. 


New FYIeLps 


Alta Loma, Galveston County.—The Alta 
Loma field was discovered on May 20, 1940, 
by the Stanolind Oil and Gas Company’s 
No. 1 John A. Hulen, which blew out at a 
depth of 9166 ft. and ran wild for several 
days, with an estimated production of 400 
bbl. per hour of 36° gravity oil from a sand 
in the top of the Frio. Water soon appeared 
but the well produced more than 130,000 
bbl. of oil between May 20 and June 1o, 
together with a large amount of salt water. 
Later the well was killed and recompleted 
on Nov. 23, for 276 bbl. of 34° gravity oil 
per day. 

Probably this was the most sensational 
discovery of the year, although develop- 
ment to the end of the year was disappoint- 
ing. The discovery was the result of 
reflection seismograph work of the Stano- 
lind Oil and Gas Co., the principal 
leaseholders. 

Bailey’s Prairie, Brazoria County.— 
Glenn H. McCarthy’s No. 1 W. B. Munson 


Manuscript received at the office of the Institute 
April 9, 1941. 
* Gulf Oil Corporation, Houston, Texas. 
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was completed in a lower Frio sand from 
perforations 11,345 to 11,349 ft. for 8 
bbl. of fluid (so per cent black oil, 27° 
gravity, and so per cent B. S. and W.) on 
Sept. 24, 1940. It was finally recompleted 
as a gas well from perforations 11,631 to 
11,651 ft., on Oct. 9, 1940. The well had 
been drilled to a total depth of 11,860 ft. 


This well produced for only a short time 


and the area is at present inactive. 


Blessing, Matagorda County.—The Texas | 


Company’s No. 1 A. B. Pierce was com- — 
pleted from a Frio sand from 8265 to 8300 
ft. on July 8, 1940, for an initial production — 
of 29 bbl. of distillate, 114 million cu. ft. of 


gas. One other gas and distillate well was 
completed in 1940. 


—_ 


Borden, Wharton County.—J. F. Hutch- 


ins’ No. 2 A. P. Borden Estate was com- 
pleted on Feb. 11, 1940, for 108 bbl. of 
35.6° gravity oil, from a Frio sand at 
4758 to 4771 ft. This is the second well 
drilled in the area by Hutchins. Two other 
wells in 1940 were failures and there was no 
activity at the end of the year. 

Dyersdale, Harris County—The Dyers- 
dale field was opened by the completion, on 
Sept. 15, 1940, of H. C. Cockburn’s No. 1 
G. Burkitt from a sand in the top of the 
Frio, through perforations from 4067-4072 
ft., for 240 bbl. of low-gravity oil. By the 
end of the year the field had been fairly 
well outlined and did not appear to be a 
major discovery. 

Duck Bay, Calhoun County.—Coronado 
Oil Company’s No. 1 Welder, after having 
drilled to 10,002 ft., perforated casing from 
565414 to 5659 ft. and was completed for 
60 bbl. of 36.8° gravity oil on July 27, 1940, 
from a Miocene sand. 
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TABLE 1.—Oil and Gas Production in Texas Gulf Coast 
acre a eet Pe ee ee BE 


2 Total Gas 
men trove. Total Oil Production, Bbl. | Production, 
Millions Cu. Ft. 
Year 
: of 
Field, County Dis- 
cov- D 
3 ery : To End of “| Duri T coe 
O b o End o uring o End 
¢ Bao 1940 1940 | of 1940 | 94 
a 
o 
A 
ae 
PANU HONG cxcsroacfrrtterce siiie da srolnye Plavea sles ca tats 1939 20 200 31,450 15,158 None | None 
PIMAMLCTeBRUZOM ED saris ve ke cree rece sen ne a oeielae 10 0 90,894 1,187 63 one 
3) Alta Loma, Galveston y y 379,116 379,116 0 0 
PIPAIM CHS VCHENEON sions Maeels s siawis sleninecih etek 1,250 y 4,448,275 892,341 0 0 
5| Anahuac, Chambers 8,216 0 15,412,070 | 2,667,556 0 0 
OlAngleton, Brazoria... co. <veasocees sess bore es 300 0 253,589 236,386 0 0 
. 7| Aransas (McCampbell), Aransas, San Patricio....... 1936 | 2,340 y 8,934,861 | 2,988,640 0 0 
. IPASTIOUNS ELTHAM! « s'a cle cities aetesbe vere rohvtcisicle, otrere cit 1932 100 y 2,054,327 131,153 0 0 
Ol Sid Ours Ad GfGON AG. os <sjccctcre so ee tivssievldieab ndls es 1938 100 y 118,598 25,722 0 0 
" 10} Bailey’s Prairie, Brazoria..................0000000- 1940 y y 203 203 0 0 
BEL DAMNING PH ONTIB. <5c.c0sieeicecvws oo os ood eu suleeteo 1936 40 0 231,101 86,219 0 0 
Barbers Hill, Chambers: : | 
oe 12 ZOE es cig xossicte Rare etoeeiarsiscaretterseres es ws 1916 Included with Deep 
ee -13 EN SOOEGH ccc latches Voto ote ciara Gini tom ets ol orericetinws 1928 570 0 71,033,691 | 3,203,826 0 0 
Batson, Hardin: 
14 Ores OO A rarsmcstalttes echt caste 8 abs toto Sian IN eros 1903 500 0 2,070,877 246,554 0 0 
2 15 A SOO 0 BOOM GF oe alciaterslstelantis eieorn oletere, axe ee ec ais 1934 150 0 37,878,057 217,133 y y 
16] Bay City (Van Vleck), Matagorda.................. 1934 y y 3,541,062 816,829 0 0 
3 vi Beeville’(Church), Bee: 2.622.602 sae nee neve cee csne 1935 20 0 1,000 0 £ 0 
. S| BIg Creeks Ort Bend oles eecisree ee cus keke nants wis 's 250 y 9,904,762 133,252 y y 
MES) Big Fill, Jeforson....-2. posed cixse-c0eseeestouns 10 0 13,853 | Depleted 2 0 
= 20) Big Hill, Matagorda.................-2.0esseeeeees 15 0 210,906 1,925 y 0 
3 mlivBlessings, MatagordG.< Jedeesccses-yonsecsvcees cass y y 1,267 1,267 0 0 
< 22! Blue Ridge, Fort Bend 400 y 11,374,613 285,926 0 0 
aI BOLI ge WAGONS etepaaisiers «ate. ccoltlare cers e's «dha ele siaitae 1925 250 y 7,165,858 448,537 0 0 
4 D4) Bonnie View, Refugio. . cocsce ccc vee crewceereceeses 1939 y y "4,584 y y 
4 25| Borden, Wharton.........- RonbosdegorNegigodanee 1940 y y 14,512 14,512 y y 
4 26| Brenham, Washington-Austin............-.0+00-005 1926 50 y 375,358 7,649 0 0 
TIREROOKSUEO CNY GUE Ic caute actale © > tie nivigi clans aueraa eipiosicus: 1934 y y 22,759 1,806 0 0 
<4 28] Buckeye (Wilson Creek), Matagorda............:... 1932 150 y 853,225 70,912 0 0 
= 20 Burnell (South) A GInes.. 22 ar els< w¥a eieie'e cele oie ete era 1937 y y 816 173,346 0 0 
. 80] Buttermilk Slough, Matagorda...............-+.-+. 1939 50 y 7,709 4,681 0 0 
% SMMC AR TIES COMM righ ele alos susivrate siaiete =isistnys farsa /en yore arecet' 1934 520 y 969,327 42,459 0 0 
a RUIN CLUE OT Um ctee wle oie ale crtietasn vies: avelo she atic naftvare: eats 1937 100 y 11,416 0 0 0 
> Ba Oa ples CNNCSEON: . 5 cis tlv eielsiwrssaieiric gee ae oles + 5s 1939 100 y 150,629 106,319 0 0 
fe 34) Cedar Point, Chambers. ..0<cc0 00.0 c ce acsecseeen ss 1938 300 y 816,747 431,970 0 0 
3 BUMOHOCMO EMONSOTU SY wurteele siecttrsinve sisielr leis icle l= esicicex. wes 1937 900 y 71,642 0 0 0 
BEL O@FICHMAN, IDUMESOM scat neds cscs 4 ee on pele 1938 y y 3,549 3,549 0 0 
i 37] Chocolate Bayou, Brazoria.............0..0e0e-005 1939 100 y 42,955 40,550 0 0 
- 38] Citrus Grove, Matagorda. az | 1,800 z 2 y y 
39) Clam Lake, Jefferson...... 450 y 180,877 91,307 y y 
% 40| Clay Creek, Washington..........+--sseesereesees 325 y 4,449,335 130,721 y y 
s 41] Clear Lake, pe ee eo ee ed eee 1938 1,100 y 548,328 368,152 y y 
fee 4? Clovaland sDi0erty. casa <cccltw neers oes ovlelsoney can 1933 400 y 1,239,473 61,716 y y 
x BI OIEN id ad Ro nigtec parn DPR Geet ase Cae 1936 150 y 228,457 45,585 y y 
4 Adli@olletto Creek, Victoride ssc cscs + cee va sea ce ns 1934 260 520 1,126,574 117,331 y y 
ap area ir Aaa a a 1939 20 | 180 6,212 5,011 y y 
46] Conroe, Montgomery......6- 01.01. 0eeceeeeeeeeees 1931 | 18,900 y | 116,782,296 | 9,251,461 y y 
q AU @Wordcloy GACKEOT sok tlesistsanesr ccjesraw oles sin gtnln s+ ... {1938 420 850 802,671 744,850 y y 
4 Cotton Lake 4 1 
48 { notes Le } Cantante i tees. 1937 | 900 y | 2,250,983 719,937 y y 
: 
4 b Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 1.—(Continued) 


Number of Oil and/or Gas Wells 


Oil-production 
Methods, End 
of 1940 


Reservoir Pressure, 
Lb. per Sq. In. 


During 1940 End of 1940 - 


Number of Wells 


s | pleted Initial id 
pleted to >a iti t 
q Endof| ZB] S| es |e | w = Be of 1940 
1940 o S EQ |-3 3 bo | 
F £12 eels (23| = | ge 
2 sS a = 6S S33 
| S| a [e@/ao} eo) e | 24 
1 2 0 0 0 2 0 x x F x 
2 1 0 0 0 1 0 0 1 200 z 
3 2 2 1 0 2 0 2 0 y y 
4 120 1 0 0 116 4 116 0 925 y 
5 364 44 2 0 346 10 363 2 3,260 y 
6 5 4 2 0 5 0 5 0 = z 
7} 338 52 1 0 316 2 292 0 2,220 x 
8 20 5 0 0 16 0 lly y z y 
9 5 0 0 y 3 0 3 0 2,000 y 
10 1 1 0 0 0 1 1 0 y 7] 
| 19 5 iy leg 4 8 19 0 x y 
12 Included with Deep y 
13] 402 13 0 y 171 0 y y 296 y 
14 Included with Deep uy 
15) 1,011 v¢ 0 0 28 0 y y 296y y 
16 50 12 0 0 50 0 49 1 y y 
17 1 0 0 0 0 0 y y y 7] 
18 87 3 1 0 26 0 26 0 400 y 
19 8 0 2 0 0 0 0 0 < = 
20 3 0 0 0 0 0 0 0 z z 
21 1 1 0 | 0 1 0 1 0 y y 
22) 209 4 0 0 51 0 y y Variable 
23 177 5 1 0 94 y y y y uv 
24 y y y y y 7] y 7] z x 
velo a me 1 | 0 re 1 0 y y 
26 66 24 y y y y y y z y 
27 1 0 Om hao 1 0 y y 100 y 
28 2 1 0 0 2 0 1 1 1,045 y 
29 43 y y y 33 6 y uv 1,425 y 
30 uf 0 0 0 1 0 1 0 1,140 7] 
31] 42 y Heals 18 8 0 100% 315 y 
32 1 y y y 0 0 Yy y 1,475 y 
33 12 6 0 0 10 2 10y 0 3,300 7] 
34 18 4 1 0 17 0 17y 0 2,750 F 
35 4 1 0 0 0 1 y y 2,950 7] 
36 1 y y y y y ly 0 z % 
37 3 2 0 0 3 0 3 0 z x 
38 8 0 y 3 0 y y y 1,500 vy 
39 18 7 2 y 14 0 y y 2,500 y 
40 69 2 0 0 52 3 y y x y 
41 74 3 ] 60 2 60 0 650 
42 23 1 y y y 2,400 : 
43 18 1 0 8 3 y y 4,800 x 
44 33 0 0 24 6 y 2 
45 0 0 0 1 y : 1,100 ; 
46} 988 1 0 946 3 y y 2,275 
80 
47| 48 Oe teat aa he, esa ee 0 { oe \ 3 
48 74 2 0 60 3 y y 1,050 x 


Operation? 


Repressuring 


o #x£oo ofc oOo 8 B® e&eeocececo 


cococoeococeoecesceeoooo o oo 


oo oc oo 


Character of Oil 


Gravity A.P.I. ‘ 
at 60°F., Sulphur, 
Weighted | Per Cent 
Average ; 


ia 
oo 
a 


36.3 0.087 
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TABLE 1.—(Continued) 
rer eae eS Re Pe ar Se A 


S 


. . Deepest Zone Tested 
Producing Formation to End of 1940 
Depth, Avg. Ft. 
3 Ch g 
s ar- ‘ 
4 Name Agee vara Porosity? Top moins re <, Name § 
Prod. Prod, A Fy 5 Sr 
‘a Zone | Wells eb 3 ag 
i=} ~ 
4 a s 3a 
1| Eponides Yegua Koc iS) 34 6,622 6,634 10 D Cook Mountain 7,695 
2) Miocene Mio § Por 4,346 5,584 10 Ds Miocene 5,960 
3| Frio Olig $ Por 9,171 9,184 10 D Frio 11,117 
4| Frio Olig s Por 6,745 6,791 10 D Frio 8,827 
5} Marginulina and Frio Olig 8 27 7,000 7,085 60 DF Frio 8,749 
6| Frio Olig 8 Por 10,000} 10,500 6 D Frio 10,994 
7| Marginulina and Frio Olig iS] Por 6,544 7,461 20 Ny Frio 8,889 
8} Miocene Frio Mio, Olig) § Por 2,992 4,400 50+ Ds Vicks 6,743 
9| Marginulina and Frio Olig 58 Por 6,620 6,624 4 N Frio 7,531 
10| Frio Olig 8 | Por | {ivesiiresit | 4 Frio 11,860 
11| Cockfield Eoc 8 18 6,185 6,200 10 Dsf Wilcox 10,573 
12] Pliocene, Miocene Pli, Mio S Por 800 2,300 |80-100 Ds Jackson 8,184 
13| Miocene, Frio Mio, Olig} § 30 3,450 6,690 {80-100 Ds Jackson 8,184 
14| Cap rock, Lissie, Lagarto | Pre-Ter | §, L | Por, Cav 1,200 y Ds Cook Mountain 6,628 
15] Miocene, Oligocene, Olig,Eoc} § Por 5,470 5,500 30 Ds Cook Mountain 6,628 
Yegua 
16} Frio Olig 8 27 y y y D Vicksburg. 11,467 
17| Cockfield Eoc 8 Por 4,825 4,832 7 F Upper Saline Bayou | 6,013 
_ 18] Pliocene, Miocene, Mid-} Mio, Olig) § Por 800 4,550 21 Ds Cook Mountain 8,273 
Olig, Frio Sv 
19] Pliocene, Miocene Pli, Mio 8 Por 1,700 5,958 |10-50 Ds Marginulina 8,290 
20| Cap rock-Miocene er L, 8 | Cav, Por y 862 y Ds z 4,435 
io 
21| Frio Olig s Por 8,265 8,300 15 y Frio } 8,971 
22| Miocene, Mid-Oligocene, | Mio, Olig) S 30 1,956 4,650 55 Ds Upper Saline Bayou | 5,319 
Frio 
377 500 
23) Cap rock, Mid-Oligocene, | Olig L, 8 | Cav, Por raat 4,089 + |15-60 Ds Jackson 6,281 
Fri : 
24 Frio. Olig 8 Por T? Frio 6,510 
25] Frio Olig 8 Por y Vicksburg 6,557 
26] Oakville, Cockville Mio, Eoc]| §S Ds Wilcox 5,039 
27| Frio Olig iS) D Yegua — 6,802 
28] Frio Olig S DF Frio, Olig 10,578 
29| Cockfield (Pettus) Eoc iS) DF Cockfield 3,936 
30} Frio Olig 8 DF Frio 9,582 
81] Cockfield (Pettus) Eoc 8 DF Saline Bayou 4,230 
32] Cockfield Hoc Ss NF egua ? ; 7,700 
33] Miocene Mio 8 Ds Oligocene Discorbis | 8,805 
34| Miocene-Frio Mio, Olig} § D Olig 8,507 
35] Frio-Vicksburg Olig,Eoc|] § DF Vicksburg 9,007 
36] Edwards CreL LS F Edwards 6,172 
37| Frio Olig § D Frio 11,430 
38] Oakville Mio s A Frio? 11,612 
39] Miocene Mio § Ds Frio 8,198 
40} Miocene-Claiborne, Mio SH Ds Wilcox 8,306 
Wilcox ree 
oc : 
41| Frio Olig 8 Df Frio 7,744 
42) Cockfield, Yegua , Hoe Sg D Wilcox 10,075 
43] Miocene, Frio, Cockfiel Oke P D Cocktfield 8,783 
Hoc 
44| Catahoula, Frio Mio, Olig) § MF Yegua? 7,860 
45 Caahoula, Frio Mio, Olig) § NF Vicksburg 5,168 
46| U. Cockfield, Conroe Eoc ) D Wilcox 9,040 
47| Miocene, Catahoula Mio § Df Vicksburg 5,177 
48] Marginulina, Frio Olig iS) Df Vicksburg 8,580 
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TABLE 1.—(Continued) 
Total Gas 
Area Proved, | Total Oil Production, Bbl. | Production, 
Cres Millions Cu. Ft. 
Year : 
of 
Field, County Dis- , 
cov- ’ 7 
& ery : b To End of During | To End ing 
a ic a 1940 1940 | of 1940 190 | 
a 
g 
a pe 
49] Damon Mound, Brazoria.............000c-eeeeenes 1915 270 0 9,634,737 93,679 4 x 
50] Danbury, Brazoria... 75 y 390,601 108,727 y y 
51| Diamond Half, Goliad 240 0 394,649 43,610 y y 
52] Dickinson, Galveston. . 3,300 11,795,338 | 2,623,562 7] 7] 
53] Dinero, Live Oak... .. f 350 y 82,531 3,406 z y 
SA Dirks, Bee. ..,0 5 ede nat Gate oe aee ae eeaera are 865 0 5,529,817 522,671 y y 
bol Duck Bay, (Calhoun satccesacehs canes haere y y 6,955 6,955 y y 
56| Dyersdale, Harris........ 7] y 42,130 42,130 y y 
57| East Bernard, Wharton... a y y 571 571 y 7] 
58) Bast. Plasedo;. Vtctoriavns se Welt =.<ten~, dean seer 300 0 376,302 141,136 y 7] 
BG} Wdzin,: Jackson. .cteceein anuick a ostahiics eiitase ce 420 y 4,093 0 y y 
60] Edwards Ranch, Victoria...............0.0200000- 1940 y y : 0 0 Shut in 
61) Bisperson, Lsberty isa: osc ci bactuss rises ail nits ore eienas 1929 750 0 6,624,761 803,958 y y 
62| Mureka, Heights; Hartge, ccs cose eteamees ta teite 1935 850 y 2,276,349 904,447 y y 
GBs Wagan Rasta enter cists taronccvets tiie tela aa sts aes a 1940 y y 21,812 21,812 y y 
64) Fam ban kas Herries oc oiisstass chalets eae wa aie eno ioie's 1938 3,600 y 5,888,687 | 2,401,640 y y 
Gbf Fannette Sepertona.. ccs veces snes silver ssbiech ater 1926 160 2,733,753 178,842 y 7] 
66] Fannette (deep), Jefferson............000cecceeeee: 1940 220 20 Included with Fannette 
G7 Manni, Goleads, vcs toc eee danecaveadaseel sdenen 5 1939 0 80 x z y y 
68] Fig Ridge, Chambers............000ccceeeceeees .. 1/1940 y y 10,343 10,343 v v 
69] Fisher’s Reef, Chambers.........00.scecceceecteees 1940 y y 1,332 1,332 4 
ZO) Fort Morrill, Lise. Ogle. o.i5...slo<eos's/tns veel see ~ 1935 20 0 32,000 0 Vv uv 
Tl Prancitagi ds Goksones<.c08 © colt emanate 1938 420 7] 166,710 90,579 ] y 
73|| Canada, d ackeots coe. ilies de cia ctetee cae 1937 120 109,921 72,691 
Tal Garwodl,:COOrada Aa \asyens ievesiesmcsn fueeeh 1933 40 0 6,687 253 y y 
us George Weat:-Li0e! Oahicit. their shite cdos tics vt sits 1940 0 20 y y 
'5| Gillock, Galbestan! A Phe Ae ee ae ee 1936 7] 7] In cluded with Dickinsd on 
78 Goose Creek, Hatria:. foc) seorechcumieds ck eees. 1912 900 y 77,865,195 579,319 y be) 
77| Joyce Richardson, Harris.............000c0eeceaee 1940 vy v 15,215 15,215 y y 
78| Greens Lake, Galveston........0ccccseeveccsnaerdes 1936 80 v 53,189 14,795 y Yu 
7D) At pieis: ROPUDIOS a cate woes saDarnave cm athe on.cn ways a6 1933 4,240 7] 25,647,265 1,389,012 y y 
80) Hamman, Matagorda..............5e cee s eee c ees 1936 y 7] 2,877,123 | 1,226,863 y ‘y 
Sil Hankumor, Liberty: och veces abasic onc kbne neeraiaees 1929 445 v 5,998,184 268,595 y y 
82), Hardin, Laberty i. see scat asbonna cages ies atten 1935 | 2,700 v 5,829,794 | 1,598,207 y v 
8B \\arteendorl, Bee dra. chia eres selene. cv mathe 1935 y y y y y 
S4| Hastings, Bravonid. 28 tances te ocknnkos cadence 19384 | 5,640 y 27, py 908 5,445,349 y " 
85] Hawkinsville, Matagorda.............0.000. ccc cuee 1936 7] uv 2,000 0 0 0 
86] Heyser, Calhoun, Victoria................0cccc cues 1936 3,620 | 3,620 11,611,915 | 3,413,604 y y 
Be} High: [shand, Galseatoityer.y et eresteaiceh a nce en ween 1922 320 7] 17,008,546 974,591 uv y 
88] Hillje, Wharton k csc oes See Saas hee aaah 1939 200 y 77,331 74,592 y 7] 
80} Hitchcock, Galveston........0..sssesseeesecenecees 1936 140 y 719,422 201,833 y y 
DON Hockley aries cae ore aceon he ea We te 1932 10 y 16,000 0 y y 
OliHolemark, Bers nis. cadherins hitolnatei ae ans 1935 20 y 8,070 7,470 
oe poe Pipe ee a ATE RIO tera ata eva En ret ee 80 Yu 55,459 8,428 ; ; 
oskins Mound, Brasorta i: js) cies evs.0ts natin ees 10 0 31,7 
Hull, Liberty: ° , : * 
94 BOO SA A00 ohne acismnane or acer Bec as aati 1918 120 0 81,979,405 802,422 y y 
95 A C605 16h nic. cioirennseweuleeetaaventanee: 1932 120 0 9,559,620 1,209,184 y y 


+. RY 
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TABLE. 1.—(Continued) 
cr es I a 
Oil-production 


Number of Oil and Reservoir Pressure, : 
and/or Gas Wells eee, fae Lb, per Sq. In, Character of Oil 
During 1940 End of 1940 Number of Wells 
Com- 5 
fy Ave. GravityA.P.I. 
os pleted to = bd Initial t End oO at 60°F., Sulphur, 
g | Badof| g 1% 2 v |» eh of 1940 | “23 | Weighted | Per Cent 
Zz a 3 te NaS on a 8 2 3 Average 
a 2 | 8 |82\8e\32] 8 | 33 BE 
a S| 4 (S2@/EO)/Fo|) & | SA 3 
49] 129 1 0 | 0 35 z y y F y 26 
a 5 3 0 13 1 y y 500 y 25 
y y y y y y y z 47 
52) 255 | 292 25) 0 ert 42214 y y 1,250 v 37.5 
53 y y y y 2 il 1 1,600 y 43 
54; 101y y y y 93y £ y y 1,000 44 
37.6 
55 2 2 2a iro 2 0 2 0 y y { Hey 
56 8 8 210 8 0 8 0 y y 223 
57 i 1 0 0 1 0 1 0 55 
58 Included with Placedo 1,080 38.5 
59 0 y 0 y y y y z y 
60 2 2 2 0 0 2 y y % t 
61 91 18 2 0 68 4 y y 100 y PM 27 0.02 
62 41 4 0 0 40 0 40 0 3,456 at 37 
7,600 f. | 2676 0 51 \ 
ieee bel 5: fa2s! 0 ye 4 0 “th } 
64) 303 32 5 0 290 13 290 0 3,000 y 88.8 
65, 32 a Oniang 22 1 L z 540 y 28 
66 12 12 0 0 11 1 11 0 0 36.4 
67 Ly ay Ne y y y y t y z 
68 1 1 0 0 1 0 1 0 y y 
69 1 1 5 0 1 0 1 0 32.6 
70 2 0 0 0 0 0 0 0 1,100 0 
71 8 1 0 0 8 0 y y 2,450 a) 48 
72 il 6 1 0 9 1 2,252 26 
73 4y y y y y y y y 1,225 z 44 
74 1 1 0 1 1 0 0 0 
75 Included with Dickinson 1,250 0 37.5 
76| 906 4 0 0 87 y y y y y 0 25.5 
77 6 6 0 0 6 0 6 0 y y 0 45-54 
78 6 3 1 0 4 1 4 0 1,300 y 0 24.4 0.14 
79 299 0 0 0 214y 14y y y 1,350 y 0 23 .2-84.9 
80 40 2 0 y 24 y 19 800 y 0 37 
81 50 2 0 y 39 2y lly 26y 424 y 0 23.4 
82 169 28 3 0 163 3y 13ly 9y 900 y 0 37-56 
83 1 y y 1 y ly 0 0 45 
84 693 19 3 0 691 2 669y 22y 2,740 y 0 31.5 
85 1 0 0 0 0 0 0 200 0 0 y 
86 264 20 2 y 252 4 253y 9y 880 y 0 32.3 
87 137 5 0 y 136 1 24y 39y y y 0 32 
eee eet ladle ob 8 | as 
89 y y y y 7] y y y FA 
90 4 1 0 0 1 0 y y 40 y 0 22 
91 6: y y 4y z y y 1,050 i 0 44.3 
92 3" i y y 2 y y y 1,550 & 0 47.6 
93 5 0 0 0 0 & 0 0 x 0 0 21.5 
94] 796 27 3 y 129 0 y y 2 x 0 30 
y 0 38 


95 Included with Shallow z 


intial 
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TABLE 1.—(Continued) 


Producing Formation 


Deepest Zone Tested 


to End of 1940 


Depth, Avg. Ft. 
5 Char- i z Name 
4 taal Porosity? 4, * a ae 
3 am Ee} or 
A Bs 3S as 
g 32| & am 
4 A a A 
49] Miocene, Mid-Oligocene, | Mio, Olig) SH Ds Vicksburg 8,112 
Vicksburg er : 
50} Pliocene, Miocene Pli, Mio S] D Vicksburg 7,689 
51) Cockfield (Pettus) Eoc 5 DF Be y 
52] Frio Olig S DF Frio 4 9,463 
53] Yegua Eoc 8 D Cook Mountain 5,913 
54] Cockfield (Pettus) Eoe $ DF Yegua 4,776 
55! Miocene Mio $ 2 Frio 10,002 | 
56] Frio Olig 8 Df egua , 8,515 
57| Cook Mountain Eoc 8 ? Cook Mountain 8,461 
58] Frio Olig SH Af Vicksburg 7,502 
59] Catahoula, Frio Mio, Olig} 5 D Cockfield 7,180 
60] Frio i § ? Vicksburg 6,265 
61} Miocene, Jackson, iS} Ds Weches 8,926 — 
Heterostegina ‘ 
62] Cockfield § A Yegua 9,038 — 
63) Frio 8 ? Frio 6,715 | 
% 
64] Yegua 8 AG} | Cook Mountain | 7,940 
65} Miocene, Mid-Oligocene, 8 Ds Frio 8,345 — 
rio 
66) Frio (Hackberry) 8 y Ds Frio 8,345 : 
67] Catahoula 8 5 A Frio 3,512 — 
68] Fri S 4 D_ | Frio 8,865 
69 8 2 D Frio 9,954 ; 
70 iS) 5 D Lower Saline Bayou | 5,424 
71 i 8 15 A Frio 9,030 
72| Marginulina Olig 8 5 D Frio 6,544 
73) Fri Lower-Oligocene, | Olig, Eoc}| § 12 D Wilcox 10,536 
74 Eoe Ny 6 ? Wilcox 8,386 : , 
75 0 Olig 8 12 DF rio 9,463 
76] Pli, Mio, Mio-Olig, Frio, | Pli, Mio,| § 40 D McElroy 6,975 — 
Vicksburg Olig HN 
77| Yegua. s 7 D Cook Mountain 7,759 : 
78) Miocene 8 Ds Mid-Oligocene 9,636 
79 oe Heterostegina, 5 A Vicksburg 7,473 
80} Frio Olig $ Ds Frio 11,465 
81) Miocene-Frio Mio, Olig} 5 Ds Dibol, Jackson 7,681 ; 
82) Yegua 8 D Yegua 8,110 
83| Pettus (Cockfield) 8 A | Yegua 3,007 
84] Marginulina-Frio 8 DF | Vicksburg 8,792 ; 
85] Miocene 8 Ds Olig 6,905 
86} Frio, Miocene 8 D Frio 6,487 
87] Pliocene, Miocene, Frio 5 Ds Olig 7179 
88] Marginulina 8 D Frio 7,004 
es Miocene 8 D Frio 10,460 ; 
Cap recs iain 5 Ds | Cockfield 7,510 
91) Text. Hockleyensis iS) NF Cockfield 4,458 
92) Yegua 8 MF | Cook Mountain | 6,004 
93] x SH Ds Mio 4,126 
94 there, Miocene, Mid- teh Mio,| 8 Ds Cook Mountain 9,669 ; 
4 1g 
95| Yegua Eoc 8 Ds Cook Mountain 9,669 
: 
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TABLE 1.—(Continued) 
Ie a ee er 


Total Gas 
nae Deoved, Total Oil Production, Bbl. | Production, 
Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
3 ery Oil Gas? To End of During | To End pats 
g 1940 1940 | of 1940 | 940 
a 
o 
<=) 
a 
Humble, Harris: 
96 OOM Dometic eat ete Os, cobeciass moines 1905 | 2,100 0 Included with Deep oY y 
97 GTO (LGR RER ee eR ed te ee wl iver Sova Sore rates 1928 260 y | 125,854,777 966,099 y y 
RMS IOOR LAKO ML EER. 5 so «ste cuslsoje scueteu sens cvewen’ 1937 850 y 1,645,245 878,206 y y 
PU SEL MPV LILGN eet or era erase et costs areca ass Riataay Sac tare 1935 200 | 10,000 159,352 75,972 y y 
MEUM SePTaN 1 VACLOTIG, uy sf ess are alecele- clo ales « oye ory sunZiels erase a0 1932 640 640 1,358,800 255,499 y y 
fot!) La Belle, Jefferson. «0... .0.scccs cts c ces cedccwiess 1937 200 y 394,033 19,652 y y 
MeO MUnI NT PARGISAS =) «Pe nOe meee Ae ot Manto. Coe aaeanies 1937 20 0 1,305 305 y y 
MURA MAE ELOSAy HLCP UGIOS .\. ciete|-1Mleh ale a/a.oiee a canis. ar deeenie ct 1938 1,720 y 2,273,026 1,245,996 y 7] 
oeA04) League City, Galveston... csi... cee cece ees enee nee 1938 550 y 1,116,457 729,556 y y 
BLS aRsiCn Wharton’. 2. fe. t acletew sles ctv olzeme ees 1940 y y 434 434 y y 
PEP Fe PERV AE ESE ONY OUIG a.ce, hci c 1a, Mteiaiels * aunlecavs, ave ay ctersteencocle es 1933 1,820 y 6,148,819 626,690 y y 
Be eocktidge, .Brazortann. << cchas i: sos batts sta nem oie 1936 1,600 | 1,600 2,502,767 800,856 y y 
108} Lolita, Jackson...... 8 gS nn I Ore 1940 y y 219,935 219,935 0 0 
ROG! eosttake:|Chambendecsccescccn Gan ince sins sennlows 1929 65 y 998,626 29,819 y y 
mt10) Louise, Wharton.......0.00s000esesneeees neades 1,700 y 3,004,090 338,662 y y 
petit Lovells Lake, Jefferson... 2.2... c.e tse saneren ee 1938 y y 1,130,812 832,699 y y 
med 12| Lucas, Mount, [ive Oak......0.0. 22. 0c. 5 ee sane es 1923 120 y 256,448y 14,370 y y 
ertls| Magnet, Wharton... 60... 00-0 .2ca ese ceesevectues 1936 800 y 1,289,722 458,721 y y 
= Manvel, Pee ee ba 5 
; 4 BUG Tener te resis. ots eine: oro one cs oletels Seis > 
RNS EME SO0 HE: eco ks ooo San Se eka cds ons d lanes 1931 | 1,750 % 19,546,419 | 2,749,323 y y 
Se116) Markham, Matagorda: :. 00. 0000.0 cseceeenareaceen 1908 210 8,079,829 328,621 
117| Mathis, Live Oak, San Patricio...........0.......05- 1924 120 y y y 
RMIT IAGUG, TiSUERLY ee areie sire eee hc ate wets ete nsagaFojelesls 1939 100 101,517 74,218 y y 
ent) NMatritz, SOCKSON. oo. cc cee ches cue ene dae eeemets 1935 100 398,915 189,926 
SEZ MCR addin, VtClOrtG ne... aces cceccaicnslnen whine tes 1932 620 1,966,970 776,588 
PANIC MUTA Vac CC. anaes depot ns slob us laren Seine ae 1937 Included with Pettus 
Pom MeN nee Ogi tes Wisc(nehne cae cues ese meee 1934 ey 261,226 19,339 
Pos eMielonr Creek) ResUgi0 ccs ges Seie.c nyse ere siete sisais'es 210 259,392 131,863 
POINT Herel WESC ee cersttstre NGG oars ele cletaeieisie ayctanals ys 12,823 0 
TPN Moss Bl uit bt Derty eins oc cil sities) a(eieleieieie + e.sciee nw 10 0 179,235 0 x o 
~ 126} Mountain View, Live Oak. x 20 7 £ y y 
127 cee aay 18 eae errant A eine oer 0 0 y y 
ee lists  e Gh. she a aes ae 1929 | 350 4,180,634 | 321,123 y |oy 
e129, PEED ee acess ae ac trig tate in opptar tional sat une © ss 1930 350 Included with shallow production 
130) Mission River, Refugto......-..2..--0-seoseeneenes 1938 y 245,428 
MUE(31 Wash) Fort sBend.c..Jevsac ceive cud. feneecucerewers 1926 120 0 1,665,226 0 a x 
7 132 Nome, JUICE TIED Ua bA Aor cone d Senne ao Manes Sree 1936 900 0 1,814,044 290,430 y y 
BS ON OTMATINAs DEC nuiasite ciate etlete elon) tae Mae seein es 1930 70 10 87,889 7,875 y y 
a te 1905 
” t fajake fuvahe ea ialdyelhlevaverels snes 61h bie there) ars) 6 (era hie) @aa'e 2,370,406 13,949 £ z 
BE See COT Ths Sek, aac cete in setuseee nse ees to27 t| 850 
= 136|, North Keeran, Victoria. .....2-..-0 once casceeecess 1940 20 5,763 5,763 
137| North Markham, Matagorda.................000055 1938 80 0 78,016 33,323 
138) North Normanna, Beé: 2.2... 666. este eres cence 1938 10 0 766 766y x z 
139) Oakville, Live Oak. .......2:. 25. cscucscceee cece 1936 150 290 332,163 213,446 
Bet40 O'Connor, Refugio... cee ernie grees ssotamers cos 1931 140 250 538,704 23,936 
Bet4t Old Oceanl, Brazortas .< ja. cess vs ce cei sie tceielee te soi 1934 3,900 10,000,753 | 4,164,418 y y 
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TABLE 1.—(Continued) 


Oil-production 


i ; } 
Number of Oil and/or Gas Wells Methods, End ee on Sah Character of Oil 
of 1940 
During 1940 End of 1940 Number of Wells 
Gravity A.P.I. : 
& ne sy: Avg. 0 at 60°F. Sulphur, — 
) Saag he ss] zZ BE Initial at End 2 Weighted Per Cent 
End of 2 5 of 1940 56 
g 2 8 FI 3 a 3 Average 
1940 | 3 8 a ‘a 2s 
- 2 | 2 | a2] 2: ee BE 
5 & | 2 |e] £6 = 2 
96] 1,798 | 25 1 | y | 259 y y y 0 26.5 
97 Tatladod with Shallow y y y 0 y 
98 42 | 15 21.0 42 0 0 1,425 1,406 0 45 ug 
99} ty] 0 0 | 0 lly| y y y y 0 5 
100) 34 6 0 | 0 24 2 1 1,450 y 0 36 
101 6 3 sey (eet 6 0 0 7,000 y 0 37.2 0.06 
102 ly| 0 0 | 0 0 ly y = y 0 0 
103) 98 | 26 | 5° | oy | 72 | 4 v | {3} y | 0 39 
104) 29 7 Seelei0) 29 0 0 | 1,100-2,100 Pa 0 40.5 
105 1 1 eo 1 0 0 y y 0 58 
106] 98 1 Ome 87 z 55y 700 y 0 40 
107} 44 2 oly 43 0 0 2,100 z 0 26 
108} 59 | 59 ‘iteal eat 59 0 0 y y 0 31. 131.1 
109} 13 0 0 | 0 Sy | ly 8 z z 0 : 
110} 50 3 10 34 4 8y 1,850 1,300 0 26-38 
113) 725586 4 | 0 69 y y 1,850 1,300 0 26 
112) 4ly | oy ais | meat y y { 1,400 } 0 36 
113) 68 | 21 0 | 0 62 1 y 0 25.4 y 
114] ‘192y | 10 3 | y- | 180 4 y x 0 24 ly 
115 = y 26 
25 
116, 155 | 6 | 4 | 0 | 36 25 : {aot 
117 4 0 tee 0 0 935 2 z 
118 7 3 2/0 7 0 3,509 x 0 41 2 
119 4 0 6 | 0 4 0 2,467 0 31 0.11 
10] 76 | 16 | 20 | 64 0 {V7 = 21.2 
io] ty | 1490 ths 
y i] y y 5 y ‘ z : 
123} 10y| 0 o | y 10y z 35.5 
124 12 100 x 45 
125 5 0 0 | 0 0 0 280 0 0 0 0 
0 Kae gl ie ep) y - . 
127 1 1 0 | 0 0 
128} 45 0 0 | 0 27 290 FA 
129 27.5 
gig kot Ree Ok ee Be mt 0 | {400 y | 0 42.6 
131] 24 0 D0 0 0 800 0 0 0 
132) 44 0 0 | 0 2,550 26.9 0.25 
133 7 0 0 | 0 150 y 38.8 
134 63 1 0 0 ll 0 z 24 
135 400 36 
136 1 1 0-|9 1 0 
137 4 2 0 | 0 4 0 3,450 0 37 y 
138 1 0 0 | 0 0 0 y 46.5 
139} 26 8 1] 0 22 ” 1,300 x 23 
140} 10 0 0. |.0 4 3 365 22.6 
141) 75 | 32 0 | 0 75 0 
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ee ate 
Deepest Zone Tested 


Producing Formation 


to End of 1940 


Depth, Avg. Ft. 
+ ies pas ey agiaen Top | Bottoms E 4 Hanis 
Oy o Poy 
5 Prod. Prod. | :a— 5 Sm 
3 Zone Wells os sb s Ao 
e a oa & a 
4 a aR A 
Cap rock, Miocene, Oligo- Pre-Ter, A Cav 600 5,400 40 Ds Cook Mountain 8,181 
cene Ha § Por 
Renls, lig 
eee Ou Jackson, Cock- gre Ss) Por 5,670} 6,500 | 200 Ds | Cook Mountain 8,181 
eld, Yegua oc 
Carrizo, Wilcox _ | Eoc Ss Por 7,600} 7,736 | 30 DF | Wilcox 9,014 
Pe, Upper Palins aq sH | {7J-2}] 7400) 7,500 | 100 | A —_| Wileos 11,080 
Frio | Olig S 15 5,597} 7,011 | 10 | MF _| Vicksburg 10,043 
Marginulina Olig iS) 30 8,206 8,670 11 Ds Frio 10,147 
rio Olig iS) Por 7,502 7,997 y y Frio 9,785 
Frio Olig 8 30 5, 382 6,385 20+} DFV Frio 7,021 
Discorbis, Frio Olig $ 30 8,695} 10,960 20 D Vicksburg 11,402 
egua Eoc s Por 6,728 6,734 6 y Wilcox 10,116 
Conroe, Jackson Eoc S Por 3,285 4,360 20 DF Cockfield 5,596 
Frio Olig iS) 20 6,309 6,387 20 AF Vicksburg 9,684 
Frio Olig 8 32 5,274 6,398 4 D Frio 7,280 
Marginulina, Frio Olig NS) Por 2,679 5,157 33 Ds Frio 7,471 
Marginulina, Frio Olig 8 Por 5,135 7,143 15 D Vicksburg 8,271 
Frio Olig 8 30 7,718 7,792 22 ‘Ds Frio 8,189 
Catahoula, Frio, Yegua | Olig, Eoc |} 8, SH Por 1,750 5,300 28 D Cook Mountain 6,789 
Marginulina Olig § Por 5,490 5,560 20 D Frio 6,518 
Miocene Mio SH 27.9 3,990 4,016 23 D Vicksburg 7,957 
peenalins Foon tie as is) 22.5 5,000 5,500 26 D Vicksburg 7,957 
ap rock, Pli, Mio, Mid- | Pre-Ter - 
Mio, Olig Pli, Mio, {Sa | Gar} | 936] 4350 | 20 | Ds | Hywermigocene, | 6,436 
at 
Catahoula Mio 8 Por 2,375 2,385 10 ML McElroy 5,526 
Yegua Eoc Ss 30 8,100 8,108 5 AF Yegua 9,109 
Frio Olig Ni] Por 5,640 5,650 8 ML Frio 7,408 
Catahoula ,Heterostegina, un g Por { rae petty re \ AF Frio 7,025 
i , ; 
ora Hoe i) Por 4,267 4,284 8 NF Yegua : 4,379 
eros Cockfield Fee : zo pee ate i : fie Mountain Aner 
‘rio ig ‘or ; ; rio i 
Cockfield (Pettus) _ Eoc 8 Por 3,545} 3,650 8 NF Cockfield 4,536 
Cap rock, Marginulina eae SH { oa 800 5,800 33 Ds Vicksburg 7,375 
Text, Hockleyensis Eoc i) Por 2,476 2,481 10 F Cockfield 3,000 
Miocene Mio 8 Por 3,482 3,486 4 Frio 4,205 
Miocene, Heterostegina | Mio, Olig) SH Por 4,100 4,300 30 D U. Saline Bayou 7,355 
Frio ~ Olig . SH Por 4,400 4,892 30 D U. Saline Bayou 7,355 
Frio Olig iS} Por 5,445 7,150 15+ D Vicksburg 9,225 
Miocene, Mid-Oligocene | Mio, Olig] 5 Por 3,700 5,677 60y Ds Vicksburg 6,800 
Marginulina, Frio Olig $ Por 6,010 6,055 12 Ds Vicksburg ae 
Hockleyensis Hoe SH Por 3,500 3,676 17 D Yegua “ 
184] Pliocene, Miocene Pli, Mio Ss Por 400 1,200 £ Ds L, Saline Bayou 6,077 
_ 135) Miocene, Frio, Vicksburg | Mio,Olig ae ae fue ne 2 Ds ie en wens 
137 Frio Ole S Por 7,702| 7,730 | 10 AF | Frio 8,869 
138] Pettus (Cockfield) Eoc . SH Por 4,218 4,238 5 MF Cockfield . 4,273 
139 ne Sia scaee Pettus] Eoc S Por 256 2,816 8 AF Cook Mountain 4,500 
ockfiel 3 
: 140} Miocene : Mio, Koc} § Por 2,136 oe 8 AF Frio 6,860 
141| Frio, L. Oligocene Olig s 27 8,632 ots 200 D__| Frio, Lower 11,357 
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TABLE 1.—(Continued) 


hee Baral Total Gas 
mk roved, | Total Oil Production, Bbl. | Production, 
Cree Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- Dur § 
& ery Oil Gas? To End of During | To End ing 
| 1940 1940 | of 1940 | j940 
=] 
4 
g 
= a 
$421 Orchard, Mort Bend.0 ca cnacae cee ane: eens 1926 200 50 3,718,110 67,045 y y 
143) Orange; Oranges fontao dn cciteors eee + Paton. 1913 850 0 32,776,071 177,700 ed z 
144\' Palacios, Matagoraa....t salsa ess crate siete terete 1937 80 y 124,806 9,140 
145} Pettus; Bees wee es. beens sensi ee Soa eaters 1930 1,180 | 1,220 8,868,835 141,631 
146| Pettus, New, Bee, Goliad, Karnes................... 1930 950 50 y 230,041 Included ; 
with Pettus 
147| Pickets Ridge-Kubela, Wharton.............-...... 1935 1,200 3,223,798 618,785 y y @ 
148) Pierce Junction, Harri... 22.00. 2.2.10 ee econ ns 1921 340 0 34,439,072 623,403 7] y @ 
140) Placedo;: Vicloriaase.. cee tices» eas nets 1935 1,920 y 11,198,311 1,710,093 y y 
150) Pledger’ Brazoria’ cist. lace ee se ccas Herein 1932 3,650 y 17,000 y y y 
152) Plummer, Bee Sane ies oe ee oan ee oR ene 1936 160 220 238,108 38,183 y y @ 
452i Port Lavaca, Calhountaw coterie aece ca see ee 1934 220 220 420,806 y y vy @ 
Port Neches, Orange: \ 
153 8,150) fb: Foie Sera acs Oe a ie min rere 1928 300 y 5,558,866y 332,202y y y @ 
154 West. 5,044 ft are oe 5 Vee ee cee eee 1936 Included with Port Neches { 
155| Powderhorn Lake, Calhoun.............00000000005 1939 20 20 y y y y@ 
Raccoon Bend, Austin: 
156 S490 86 ces hao ort ieee tad eye es 1927 1,624 y 17,472,290 456,214 y y @ 
157 S120 fbn aa ee are aic Ww neers Mae ese ees, 1934 1,470 a 5,024,099 760,133 y y 
TSS Rave Bees aes ck cco cea ite tae iene a vathoe 1934 420 1,504,683 60,067 y y 
150) Retugio, Fefugto) eee, a.cicsacietvonet aera meas 1922 Included with New fugio : 
160|' Refugio, New (eefugto acceso. sik exis op cle tivd reat arene 1934 3,820 | 6,450 41,759,045 | 1, Bis, 801 y y @ 
L61 Refugio Rox hese asin ko as..tk as eee cei ir 1932 150 Included with New Refugio ; 
162) "Rockland) J cepers ahve whitelist en tee cwrte’s 1929 80 0 38,717 4,717 = = 
16s Ropslyns Harris seve antenansetee acta acres ote . 19388 Included with Fairbanks 
RGd | Rosonbere: Mort Bene). vcs. poe eh ocular a> oe ete 1939 50 y 6,048 y 7] Yu 
165) Rowan, Brazoria. | nosconseeee ween chun ene 1940 uv 7] 45,232 45,232 y y 
166|\Sandy Point, Brazoree ahs eens Pe or cate 1937 200 0 244,421 30,015 v y | 
167| Baratoda, Hardin’, ctmuntiee eet weie ee 1901 538 0 29,425,498 309,283 vy y 
TGS) Sarco; Gouda: qe dh.c, swan ne ent oun icaicd caine 1938 40 0 1,728 528 z z 
$00) Sateuma, Harrie’... eucaihicken «cmccnrencheecun 1936 500 y 493,547 112,267 x £ 
Schwab eae Polk: i 
170 Shallow races vtasten cone as ces Soin 1934 200 0 146,954 8,999 0 0 oF 
171 Wileomseechy. | commebhe apikentiis ure t atab tan casein 1939 200 y 194,173 126,847 7] y 
(Included with 
172)Seahreeze, Chambers? se cect cnc cna has «eee oe 1936 ~|Willow Slough) 300,392 73,345 y y 
1,000 1,000 
Segno, Polk: 
173 ma! aReeedichalet Stalag Pertees fe Tat OER 1936 450 350 2,025,908 378,708 7] y 
174 ns | ais cia Keele tte V Shten nC nid wake Saleen a vay ape 1938 1,000 y 1,779,949 1,275,929 y y 
175 dhaeeat Cat ts GU ines arfode ts SER ee DOR ee 1940 y y 2,330 2,330 y y 
AZO Sheridan, Calorada.!s. vast consis covienes acshe taaen 1940 y y 30,893 30,893 y y i 
177| Silsbee, ELON AA na hes eee at ors io clans piano tee 1936 1,020 ry] 1,911,517 349,198 7] y 
L728] Buick, Goliad=Deustt = Mo seumoekcin acct s.cerGmie 1930 80 240 74,945 1,831 y y I 
170)'Smith Point, Chambers. .....5.00cc0seccccccecceves 1940 6,970 6,970 y uy 
BO (Sour Lake, Hardit..cw. aac time Ieee kita bate 1902 946 0 79,802,565 416,435 y y ) 
181) South China, Jefferson: sovsiovenavs sews Ges tacw eae 1939 200 y 124,288 107,462 y uv | 
182] South Houston, Harris... .cc.s-ceseecyccece cones 1935 620 y 5,978,798 627,199 y y | 
183] South Liberty, Liberty Paes HM ty hens ee AG ee 1925 250 0 15,791,235 182,546 y y j 
184] Spanish Camp, Wharton...........c0ceccceesecues 1936 0] 1,280 0 0 y y | 
1E5|/Spindlatop; Jef sraoniaatnerecss eo lec cee kanes 1901 580 0 | 126,128,691 611,086 x x | 
186] Spindletop (Deep), Jefferson........ 0.00.0 cece eevee 1925 580 0 Included with Spindletop 
187} Splendora, Montgomery...........0..0.0cceececees 1934 100 0 996 0 | z z ] 
a a Sa a ee | 
7 | 
« : | 
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Oil-production 


Reservoir Pressure, 


451 


Number of Oil and/or Gas Wells sewers Sad Db! per. 8a, In. Character of Oil 
During 1940 End of 1940 Number of Wells 
Com- Gravi 
oe Ave. ravity A.P.I. 
5 | pleted to >a Initial bo at 60°F., | Sulphur, 
E aM = 3 3 a8 2 bo _ Be = ae 28 Weighted | Per Cent 
Zz Sie oe eg an yg ee on ath 
2 ee | ease ise] & | 25 BS 
3 OM) = Pe eSaeS |. me a4 Ze 
142 35 1 0 3 18 0 4 14 375 2 38 
20 
143, 324 | 8 | 2 | oy | 46] 0 | oy | 38y z 0 {i} 
0 0 0 4 0 x x z 53 
0 Oy | 2 28 Oz Oy 28 236 45 
47.5 
12 3 0 63 3 58 5 2,053 y 0 25 
12 1 0 91 x y y 355 27.6 
7 0 0 171 5 101 70 1,900 y 0 25 
0 0 0 0 1 0 0 2,450 y 0 55.8 
y y y y y y y 1,010 y 0 25 
0 0 0 2 3 y y x a 0 61 
9 1 0 30 0 y y z z 0 25 
0 38 
0 0 1 0 0 0 0 1,850 y 0 54 
0 0 0 80 1 ly 79y 275 y 0 28.2 
1 2 0 85 1 68y 17y 1,800 3 0 34.1 
0 0 0 li 0 0 il 1,755 y 0 46 
550-2,000 y 0 33 
5 1 y 158 y 120 38 1,500 + y 0 39 
700-200 y 0 38-42 
2 1 0 2 0 7] y a y 0 21-25 
y y y 1 y 1 y 1,800 y 0 39.2 
1 3 0 2 0 2 0 y y 0 55 
Ue 1 0 7 0 7 0 y y 0 41-55 
2 1 0 6 1 y y 2,680 1,520 0 40 
2 0 y 247 0 y y y y 0 20 
0 0 0 1 0 y y z & 0 35 
0 0 0 15 pel 15 0 3,100 z 0 40.6 
1 1 0 4 0 4 0 a z 0 39 
Included with Shallow 40-64 0.10 
3 0 0 8 3 8 0 3,900 z R 40-50 0.07 
Included with Deep 1,450 2 0 39.5 
37 1 0 107 0 103 4 950 Ei 0 36.8 
1 1 0 i 0 1 0 y y 0 55.7 
3 0 0 3 0 3 0 y y 0 35 
3 0 0 47 2 44 3 574 550+ 0 44 
0 1 0 i x 0 1 550 y 0 46 
3 4 0 5 0 3 0 y y 0 36-50 
13 0 0 179 0 17y 162y y y 0 16-31 
14 5 0 lif 0 17 0 y y 0 37-52 
4 0 0 78 0 69 29 2,085 2,019 0 19.5-25.5 
8 0 0 48 0 12y 36y 50 y 0 21-47 
2 0 0 0 10 0 10 1,300 y 0 y 
6 0 0 159 0 y z £ 0 25 
26 
0 0 0 0 0 0 0 2,000 0 69 
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COAST DURING 1940 


Deepest Zone Tested 
to End of 1940 


Producing Formation 
Depth, Avg. Ft. 
S e Char- ityva g 
4 Name Age’ coset Porosity: Top Batons & 
Prod. Prod a 
a Zone Wells | & 
E 2 
a Zz 
142] Miocene, Frio, Cockfield, | Mio s 20 1,266 7,900 25 
Saline Bayou Olig 
Eoc 
143) Pliocene, Miocene, Mid- } Pli 
Oligocene, Frio id Ny} Por 2,500 6,123 302 
1g 
144] Frio Olig S | Por | 7,830} 9275 | {13 
145] Cockfield (Pettus) Eoe ) Por 3,860 3,900 19 
146} Cockfield (Pettus) Koc iS) 32 3,616 3,926 15 
147) Marginulina Olig 8 33 4,690 4,710 | 10-25 A 
148] Miocene, Frio, Vicksburg | Mio, Olig} S$ Por 
149| Heterostegina, Frio Olig s Por 
150] Marginulina, Frio Olig $ Por 
151] Pettus, Cockfield Eoc 5 Por 
152] Marginulina Olig 8 Por 
153] Pliocene, Miocene Pli, Mio s Por 
154] Frio Olig § Por 
155] Miocene Mio 8 Por 
156} Oakville Whitsett, Mio, Koc] § 25 
McElro: 
157) Cockfiel Eoc S) 25 
158} Pettus, Cockfield Eoc 8 Por 
159] Oakville, Catahoula, Frio | Mio, Olig] § Por 
160] Frio Olig S | 30 
161) Marginulina Olig 8 34 
162] Cockfield Eoc 8 Por 
163] Yegua Eoc 8 Por 
164] Cockfield Eoc 8 Por 
165} Frio Olig 8 Por 
166] Marginulina, Frio Olig 8 30 
167 ~ rock, Lagarto, Mio, | Pli, Mio, SL {For \ 
Olig Olig Cav 
168] Frio, Vicksburg Olig 8 Por 
169] Yegua Eoc 5 20 
170) Yegua Eoc 8 Por 
171] Wilcox Koc s 20.1 
172) Frio Olig 8 22 
173} Cockfield Hoe iS] Por 
174] Wilcox Koc 8 17.5 
175] Wilcox Koc 8 Por 
176] Wileox Hoe i} Por 
177| Cockfield Koc S$ Por 
178] Yegua-Cockfield Hoe 8 Por 
179) Frio Olig 8 Por 
180) Pli, Mio, Olig, Jackson, | Pli, Mio,| 8 Por 
Upper Saline Bayou Olig 
181) Frio j Olig 5 Por 
182) Miocene-Frio Mio, Olig} § 30 
183] Miocene, Olig, Jackson- | Mio, 8 Por 
Yegua Olig, 
Eoc 
184| Catahoula Mio s Por 3,020 
185| Cap rock, Pliocene _| Pre-Ter 8 pa 800} 1,200 | = 
186] Miocene, Frio, Mid- Mio, Olig Por 2,920 5,900 69 
Oligocene 
187 eld Eoc 5 Por 5,835 5,824 5 


Avg. Ft. 


4,996 | 100+ Ds 
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East Bernard, Wharton County—Cock- 
burn Oil Corporation’s No. 1 Leveridge 
was completed on May 11, 10940, for 25 
bbl. of distillate and 214 million cu. ft. of 
gas, from a sand in the Cook Mountain 
section. This was the third well drilled in 
the area. No further development was un- 
dertaken during the remainder of the year. 
. Edwards Ranch Gas Field, Victoria 
= County.—Titanic No. 2 (No. 1 “A”), 
T. C. Edwards, was completed as a gas well 
from a Frio sand at 5036 to 5041 ft. on May 
10, 1940. 
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Fagan, Refugio County.—Norsworthy 
No. 1, B. J. Fox, was completed for gi bbl. 
from a Frio sand at 5895 to 5808 ft. on Feb. 
12, 1940. Further development in the area 
was disappointing. 

Fig Ridge, Chambers County—Sun Oil 
Company’s No. 1 Carrie Smith was com- 
pleted for 84 bbl. of oil on July 9, 1940, from 
perforations in a Frio sand from 8849 to 
8853 ft. No other wells were drilled in this 
area in 1940. The discovery was the result 
of reflection seismograph work by the Sun 
Oil Co., which controls leases in the area. 


TABLE 1.—(Continued) 


Total Gas 
shove Total Oil Production, Bbl. | Production, 
oe Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- Das 
ery To End of During | To End | ; 
ee 1940 1940 | of 1940 | i940 
188, oe adgO cD IUZOTIa’ 5 Seaway h cits | aise eee 1932 25 0 12,214 0 £ 0 
GaCharles, ATEnsas, 2 oi.jiwerieie.s soe viens oinaiesiste or 1940 20 20 z z y y 
Sugarland, OPE DOUG as ni tt yd aa viele exe «eee Berns 1928 1,165 0 30,002,539 1,354,672 y y 
Prelernenr ay IClOneG tote cern wcreiitinte tal oim eine ti oe wore 1937 30 30 42,990 8,102 
BR OErelly nV ACtOneG tose saree careltcloe cei staie afotersiot ae celaarelsners 1940 3,240 3,240 
BROSATIS Tal CRONE et op eet neers ciate aia coves vic eraimativer 1939 100y 1,708 y 
PR NODAAS EOI LIE W SEE sors Strole stein welts, ole alasieters. co /eSelnwigge 1940 40 2,924 2,924 
BE HOTA PAOLS TONG HDS ETU oco'e elas teres tare er$ 6.¢ lis ove mpstcleiere we 1931 4,550 38,836,830 | 4,387,327 
Thompsons (Vicksburg), Fort Bend................. 1939 600 Included with sled: 
POLIS Pe CPULISO citseictsves Sia le eaeuaiers oir 4saroyoein o/euaretalacteat ee 40 2,492y y y 
PRORTANl pELOTTES ste <.ro- tiga ace wis, ere Sisleard tieiSiely Keak 16,462,558 | 2,524, 463 
BROMUO): CONHOL, HefUgids od ciergcis eyes a1 + a/alee oblate a wei 0 21,248,297 | 5,822,218 
POT OtAMN LOS r DEO ates vrlunnaicelna(ewaabadjoecinoes 0 1,864,876 57,230 
OME LUI SIGa DEE iatie cain ale Gite wdc sole watts erate « 30 6,831 3,208 
302 PEHetlepBay, CHaMOErs..cenis. arse Reis cae sae ease 1,494,257 246,132 
BOO FV anderollts LACKEOT Soe eae tens sesso eemie wast ee wens Included with West Ranch 
EMVAIMVADUOLIS, <LICEOPEES cies, <5 4,2 2s aves Sele. sien dies oinie-t wiaiia 3 0 113,719 113,719 y y 
PO SIGHS TD CE Meenas ociecistecicuhien san fe Steen 0 78,158 1,982 
206 Webster feadawood), Haris’. coimetie cries 6,425,406 | 2,535,772 
BO TARWOSEDS COLUGC IN. bot A vai Soraie ores misiciore crnelegete lichens 0 1,700 1,700 
208| West Beaumont, Jefferson. .......-. 00. eceeerer eens 3,046,678 | 1,140,278 
209} West Columbia, Brazoria............... eevee eee Harber l eY ane 
~ 910] West Columbia (New), Brazoria.................5 
at West Ganadosdiackson<.: tlawet cates ccc ainaade. 3,638 oes 
Be WestiOrange, Orange.cisc ch base ncet we eceren acess 0 1,726,965 een 
DIS West) Ranch, JOCKe0M. 0... cccsnescerecceeeneeeeen y 2,307,206 | 1,855, 
OFA |- White Creek, Dive Oak)... 0. cc.-s.secccssess ences 0 130,818 99,180 
915| Willow Slough, Chambers...............0.00020000- Included with Seabreeze 
MW hattonige guar wites eck ane ieee wo. 4,818,880 | 1,754,026 
317 Withers (Five Corners), Wharton * Included wit: WE c 
218] Wilson Creek, Matagorda..............20-0.0eeeee Included with Buckeye 
OND|, Worthy Beel eS) cn.aesewiced netics se telriritieces tees 


0 27,275 | « o a 
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Fisher’s Reef, Chambers County—Hum- 
ble Oil and Refining Company’s No. 2 
““C” State lease on section 46, Galveston 
Bay, was completed in a Frio sand from 
8961 to 8963 ft. for 144 bbl. of oil, on Nov. 
11, 1940. Several other wells in the area 
were failures. 

George West, Live Oak County.—E. M. 
Jones’ No. 1 ‘“B” George W. West Estate 
was completed as a distillate well in the 
Wilcox from 8340 to 8346 ft. on Oct. 29, 
1940. No further development was under- 
taken during the year. 


Joyce Richardson, Harris County.—Joyce 
Richardson’s No. 1 Emil Marks opened 
production by completion at 6918 to 6926 
ft. for 27 bbl. of distillate, on July 10, 1940, 
from a Yegua sand. Numerous wells had 


previously been drilled in the area, several 
of which had shows of oil or gas. Other wells _ 


have since been completed but the field 
does not appear to be of major importance. 

Lissie, Wharton County.—Gulfboard Oil 
Corporation’s No. 1 Winnie Poole had been 
previously drilled to 10,116 ft. and failed 
to produce in the Wilcox. The well was 
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Oil-production R ir Pr 
Number of Oil and/or Gas Wells Methods, End Ey ees Character of Oil 
of 1940 Lb. per Sq. In. 
During 1940 End of 1940 Number of Wells 
feted es Gregor | Sulphur, | 
S | pleted to >a Tnitial tEnd | ® at 60°F., ulphur, | 
q End of | ¥ 3 § 5 & so oF ~— of 1940 2s Weighted | Per Cent — 
1940 | 3 & | 86 | -8 g ) ‘a Zs Average 
oa e472.) est) Bo | ae | ote ee £& 
3 |) 2 /fe|2s/88| & | £3 s6 
3 Sy || Ree aE aS ait = <a e 
188 4 0 0 0 0 0 0 0 z 0 32.5. 
189 1 1 1 0 1 0 1 0 60.8 
190 pl 0 0 0 0 1,570 EJ 27-35 
191 3 0 0 0 3 0 2 1 900 27.8 
192 1 1 0 0 1 0 0 1 30.3 
193 1 0 0 0 1 0 1 0 x 52 
ited | sh foe the he bear) 2 0 { 23} 
195] 362 | 71 6 | 0 | 345 | 2 | 8l5y | 30y 2,430 x 25° 
196 35.7 
197 1 2,520 
198 518 25 3 0 452 61 417y 35y 2,490 y 41 
199 433 24 0 0 428 F 427 1 1,040 35.5 
50 
200; 75 792 t { Hi \ 
201 3 0 0 0 1 0 1 0 1,450y z 45 
202 37 2 1 0 35 2 33 2 2,948 2,861 0 32 z 
203 2 0 0 y 1 0 0 1 500 30.3 
204 13 12 10 0 10 3 10y 22.5 
205 1 0 | 0 2] ¢ 0 2 45 
206 212 17 2 0 212 0 209 3 950 29 
207 5 2 0 0 2 0 2 0 750 46.5 
208 69 11 1 0 59 10 Aly 18y y y 0 27 
209 349 33 0 0 74 0 40 34 y 20 
210 2,452 28 
211 1 1 0 1 0 uf 0 24.5 
212 Included with Orange 35.8 
213 175 125 0 175 0 173 2 1,700 30.3 
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perforated in a basal Yegua sand from 
6728 to 6734 ft. and completed as a dis- 
tillate well, on Aug. 14, 1940. Three wells 
had previously been drilled in the area and 
no further drilling was done during the 
remainder of the year. 

Lolita, Jackson County.—This appears to 
be the major discovery of the year and was 
opened by the completion of Wellington 
Oil Company’s No. 1 L-Ranch for 335 bbl. 
from a Frio sand at 5933 to 5937 ft., on 
May 19, 1940. Rapid development in this 
field resulted in the discovery of two other 
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producing horizons, at 5200 and 6400 ft., 
respectively. Magnolia, Shell and Humble 
are the principal leaseholders. 

Mount Houston Gas Field, Harris County. 
Jack Frazier and Bunte Production Com- 
pany’s No. 1 Lena Griffith was completed 
for a Miocene gas well from 3482 to 3486 ft. 
on Aug. 26, 1940. The field is now inactive. 

North Keeran, Victoria County.—Barns- 
dall No. 1 ““A” Keeran was completed as a 
55-bbl. well from a Frio sand from 5550 to 
5552 ft. on Jan. 3, 1940. This appears to be 
a small field. 


TABLE 1.—(Continued) 


Producing Formation Decree oe noe 
Depth, Avg. Ft. 
g 
S Char- < & 
4 Name Agee Dae, Porosity9 Toph i) Bottoms Be r S Name Ae 
3 Prod. Prod a1 5 SR 
a Zone Wells | Fo 3 45 
g oe = 6, iS 
4 zs n Q 
188} Miocene Mio 8 Por 4,300 4,500 10 Ds Mid-Olig 7,624 
189] Frio Olig § Por 7,604 7,618 14 ? Frio 9,335 
190| Heterostegina, Marginu- | Olig 8 254 2,900 3,800 80 Ds Saline Bayou 7,521 
lina, Frio 2 
191| Catahoula, Frio Mio, Olig} §S Por 2,525 3,600 y Df Cook Mountain 7,666 
192) Vicksburg Olig 8 Por 5,274 5,282 y ig Vicksburg 5,610 
~ 193] Frio Olig iS) Por 5,686 5,770 10 Ds Vicksburg 8,724 
194| Wilcox Eoc S 14-43 7,855 7,922 18 ? Wilcox 8,518 
195| Miocene, Marginulina, Mio, Olig} S 25 3,050 5,409 80 D Vicksburg 9,001 
Frio 
Vicksb Oli 8 25 7,700 7,800 | 100 D Vicksburg 9,001 
+4 Frio Olig Ss Por 5,875 5,890 10 y Frio 7,010 
198} Cockfield, Yegua Eoc 8 252 5,375 5,575 10 DF Wilcox 8,948 
199] Frio Olig iS) Por 5,176 5,948 | 100 ALf Frio 8,174 
eae om Retus, Verve, | aq SH | Por | 3,065) 7,585 | 11+] DF | Wilcox 7,921 
01| Cockfield (Pettus Eoc SH Por 3,564 3,590 26 DF Cockfield 3,598 
02 Caco we) Olig 8 30 6,600 6,608 8 ie Vicksburg 8,530 
Frio Olig SH Por 2.000 ee 8 DF Vicksburg 8,527 
= 204| Catahoula, Frio, Vicks- | Mio, Olig} § Por 1s sana 10 NLf Vicksburg 5,252 
4 burg ; A 
tt E § Por 3,985 4,017 by NF Upper Yegua 4,306 
— 08 oo ce) Olig Ny} 30 5,480 AME 150 Df Frio 8,455 
e 4,802 ; : 
207| Yegua, Cook Mt. Eoc SH Por { 5300 5,310 i. i. ve ence i 
208] Miocene, Oligocene Mio, Olig} S$ 30 4,560 6, - icksburg i 
209 Pliocene, Miocene, Mid- ae 0, § Por 354 y | 250+ Ds Vicksburg 7,000 
Oligocene ig 
; i i Oli 8 Por 5,200 5,784 | 100 Ds Vicksburg 7,000 
11] Frio patna Olig s Por 5,204 5,220 | 16 Vicksburg 6,604 
212) Frio Olig s Por 5,585 6,123 8 D Frio 7,550 
213} Frio Olig § 28.4 5,086 abe 40 Ds Vicksburg 8,527 
214 Jackson Koc 8 Por Ee 1,440 7 MLf£ Jackson 1,785 
~ 215| Frio Olig 8 | 2% Peer aca pine D_ | Frio 9,055 
Oli 8 Por 5,470 5,560 50 Df Vicksburg 9,200 
217 Marginulina Hi Olig S | Por | 5540| 5550 | 8 | Df — | Vicksburg 9,200 
218 Olig S Por 7,903 | 10,058 25 N Frio 10,796 
318 Ge fica (Pettus) Eoe SH Por 3,407 5 D Pettus 3,708 


;. 
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Rowan, Brazoria County—Rowan and 
Nichols’ No. 1 T. B. Hubbard was com- 
pleted for 187 bbl. of oil from a Frio sand 
from 8538 to 8554 ft., on June 30, 1940. In 
October production was also obtained from 
a horizon at gooo ft., and the field is being 
developed. It appears to have been defined 
on the west and south. 

Shepherd, San Jacinto County.—Harrison 
and Abercrombie’s No. 1 Sun Company Fee 
was completed for 77 bbl. of oil from a 


OIL AND GAS PRODUCTION IN THE TEXAS GULF COAST DURING 1940 


Wilcox sand from 8215 to 8277 ft., on 
Sept. 20, 1940. Development is proceeding 
slowly and no statement regarding the 
importance of the find can be made at this 
time. This was the third attempt of Harri- 
son and Abercrombie to develop production 
in the area. 

Sheridan, Colorado County.—Shell Oil 
Corporation’s No. 1 Plow Realty Co. was 
completed for 158 bbl. of 34.5° gravity oil 
from a Wilcox sand from 8138 to 8143 ft., 


TABLE 2.—Summary of Drilling Operations in Texas Gulf Coast 


Important Wildcats Drilled in 1940 


Total Surface Deepest 
County Survey Depth, A Horizon 
Ft. Formation Tested 
‘ 
echt on Pere eae. Cr erent Giieaa reco on cig ate Gort at ® R. D. Blassman 196 9,335 | Beaumont | Frio , 
DF | APANRABS Aroha clas P xiete Reith ere men ate okare we aero ye eee R. D. Blassman 8,406 | Beaumont | Frio ; 
SAW BrAsOridecs tech lst Sewtoe, cae oon union ee trae oe heed Samuel Carter 11,860 | Beaumont | Frio 
S Brazorin Ae. 5 Sic ch ctntaaset ice Remit chia eee cote are Chas. Breen 11,085 | Beaumont ; 
fo) | SATORU Sh archos. w mid ee teae coe ster oote elena be ia William Harris 10,010 | Beaumont | Frio ‘ 
GhiCAlhounoied ye eer crak CR Re eine 52a ee koe ee Eusebio Hidalgo 10,002 Frio : 
Toil) CROMER ea voce yd heh ae Ga eke co asl aiashepee oma» ees D. L. Broussard, sec. 82 8,865 | Beaumont | Frio 
Bet Ghamibers cae. ak vr actcat actin: oy aren Nis eitete pan See Trinity het 9,005 | Beaumont | Frio } 
ON Cram are sce As eee tarsin'd ote are ay prea e alela Maroteere ote eee Sect. 247 Trinity Bay 9,448 | Beaumont | Frio 
JOR AO RARA DES: oat chiaahs Renee coe artim ans Le ade ete ratte cca Sect. 246 Trinity Bay 9,851 | Beaumont | Frio 
DD Chambers tue canis snes + Soa o.s cea ais Ov ae oe eNee. s Wem Sect. 248 Trinity Bay 10,491 | Beaumont | Frio } 
12 | Colorado ..| 0. K. Winn 8.339 Wilcox : 
13 | Dewitt .| Chas. 8,518 Wilcox 
14 | Galveston. Asa Brigham 9,197 ‘rio 
15 | Galveston. . Sarah White 7,100 
1G) Galveaton . : ee tis oi hicat an erates MAO teem Meek Sarah White 6,872 
UTR Galliv eaten a5-"F 5.ald 5 ons tanta gteverateatie.seetns ini tte etocetera we dines Sarah White 7,056 
- a sbialp Bic BLpSeMy aatalole ahaa Mfeine elhrae hes ies etnaleta aa eleane ee | Apna 4,915 io 
BITIB. 5,010, 0.019 0/4) ele Bev vinis Gare G6 ¥ Aie'e)s ed o1es tale sowie ses tie ats ohn gburn 7,245 Cockfiel 
20) |( FIBRES, crn ciao, cto Mer ce ante Saele Terew eos eee John C. Ogburn 7,28 Cockhed 
DD MERITS: asic va na 1PM Oey eh PURDON ROOTES a Os cele carve sty whe Adam Smith 4,205 Mio 
2B) WA ACKBORGAncis tam caektes tem vitals wale nale cane nie aii ele sarteetens I. & G.N. RR. No. 11 5,938 Frio 
2B SAGO SY tele ates dtevie eae Maremma soles» Sirens As os Secon I. & G. N. RR. No. 11 6,399 Frio 
BE UGOKBOR: in, coe sctivimnare iu a Matlab arelkert <a esnve NOM RT eer §. F. Austin 5,278 Frio 
OWRD Ce Eee or, Sorter ae Pens atin rr tome cee MME «| Wm. Menefee 604 Frio 
DB Facknons 1.2 Taare tee are eh ol ae Re artes eee V. Garcia 6,002 Frio 
Ae Nid RORBOG s vale Flaked vec Satie bart nee z ok Sn tne SO ene Ramon Muusquiz 8,528 Frio 
DR TGR OLEON', See Seis xe tote oie Seta pe i od sind coin Coates Sees Joseph Probarth 8,296 Frio 
2011) I GROXBONY erareres Ra o'n camtedetaraaigleth ta gh ilarelctomittate cete ates B. Blackman 7,450 Frio 
4 aap, Pe SRE JURRIRCAN ee sac as eles rn Picea ety «aa hag ie Sare 7,656 
bye Oakes cfs cao Made sas aariaty serie Acs ROR CG Remote . A. Fant No. 8,386 Wile 
32 | Matagorda Sect. 11.&.G.N.RR. | 8971 ie 2 
33 | Refugio James Fagan 6,715 Frio i 
34 | Refugio, Michael Reiley 6,509 Miocene 
35 | San Jacinto William 8,590 Wilcox 
36 | Victoria Desiderio Nira 6,265 Frio 
37 | Victoria Eugenie Benavides 6,378 Frio I 
38 | Victoria aria Josefa Traviesa 6,076 Frio 
39 | Victoria Foster Lewers 6,450 Frio | 
40 | Victoria Chas. M. Creamer 6,881 Frio , 
41 | Victoria (5) eamer 6,513 Frio 
42 | Victoria Francisco Perez 6,506 Frio 
43 | Victoria... Martin de Leon 7,509 Vicksburg 
BS VINIOCOLI Siesta te ths ctetasrthett sci ttovente eee ¢ yrds er ata John B. Sideck 5,610 icksburg 
AG Whar. agent, GO aE. Seite 8461 bette | 
46 | Wharton Eucled M. Cox 5,500 io : , 
47 | Wharton Sect. 25 G. H. & H. RR. | 10,116 Wilcox 
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on May 27, 1940. Two other wells were 
completed in the area by Shell before the 
end of 1940. | 

Smith Point, Chambers County—Humble 
Oil and Refining Company’s No. 1 “A” 
State, sec. 247, was completed as a gas and 
distillate well from a Frio sand from 87096 
to 8812 ft. on Aug. 18, 1940. Rapid develop- 
ment resulted in the discovery of another 


distillate horizon at 9400 ft. and the com- 


pletion of an oil well at 10,327 to 10,343 
ft. by the Humble Oil and Refining Co. in 
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No. 3 ‘‘A.” The structure appears to be a 
deep-seated faulted dome and results to 
date have been disappointing. 

St. Charles, Aransas County.—Continen- 
tal Oil Company’s No. 1 St. Charles Land 
Co. blew out on Feb. 17, 1940, at 9327 ft. in 
a Frio sand. Well No. 2 was completed for 
29 bbl. from 7637 to 7645 ft. and a third 
well is now drilling. 

Terrell, Victoria County——Colton and 
Colton’s No. 1 E. H. Terrell was com- 
pleted from a Vicksburg sand at 5274 to 
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Important Wildcats Drilled in 1940 


Thitial = radieton Pressure, Lb. 
per Day Choke on per Sq. In. 
° ean, 
Drilled by * ae Fractions Remarks 
, Millions |. ° 97 “?° Casing | Tubin 
U.S. Bbl. Cu. Ft & 
1| Continental Oil Co. Dist. Blew Out Discovery, St. Charles 
2| Continental Oil Co. 48 4 1,350 1,300 | New sand, St. Charles 
3 | Glenn H. McCarthy Dist. 240,000 %4 Sealed 375 | Discovery, Bailey’s Prairie 
4| Sun Oil Co. 120 dist 4 1,400 2,900 New sand, old ocean 
5 | Rowan & Nichols 187 1g 1,725 1,550 Discovery, Rowan 
6 | Coronado Oil Co. 60 1g 2,325 1,950 Discovery, Duck bay 
7 | Sun Oil Co. 84 lg 3,200 2,500 | Discovery, Fig Ridge 
8 | Humble O. & R. Co. 144 1g 200 2,520 | Discovery, Fisher's Reef 
9 | Humble O, & R. Co. 17 dist \4 2,900 Discovery, Smith Point 
(0 | Humble O. & R. Co. 228 dist A 3,150 New sand, Smith Point 
Humble O. & R. Co. 156 lg 1,725 | New sand, Smith Point 
Shell Oil Co. 158 1g 1,950 1,200 Discovery, Sheridan 
Atlantic Ref. Co. 3,170,000 yy 2,650 2,450 | Discovery, Thomaston 
Stanolind 0. & G. Co. 276 1g 150 2,975 | Discovery, Alta Loma 
jun Oil Co. 311 \4 2,300 1,875 | New sand, Greer’s Lake 
un Oil Co. 214 Ke None 125 New sand, Greer’s Lake 
Sun Oil Co. 355 \y 240 680 | New sand, Greer’s Lake 
Cockburn H. C. 240 He 500 475 | Discovery, Dyersdale 
Joyce Richardson 27 dist A 2,500 630 | Discovery, Richardson 
Joyce Richardson 37 dist ¥y 2,275 2,025 |New sand, Richardson 
Jack Frazier Bunte’Prod.Co.| None 850,000 VA 350 350 | Discovery, Mt. Houston 
Wellington Oil Co. 335 6 1,175 900 Discovery, Lolita 
23 | Magnolia Pet. Co. 201 ¥ 1,250 1,050 New sand, Lolita 
Magnolia Pet. Co. 269 1164 750 650 | New sand, Lolita 
Pure Oil Co. 230 800 1,294 Discovery, W. Ganado 
W.S. Boyle et al. 547 YY 980 750 New sand, W. Ranch 
| Magnolia Petr. Co. 617 VY 1,150 1,090 New sand, W. Ranch 
il Corp. 848 4 1,500 1,300 New sand, Fannett 
| Broussard & Hebert 249 14,230 VY 225 New sand, La Belle 
General Crude Oil Co. 668 Yy 650 825 | New sand Hsperson 
E. M. Jones Dist. 4 Discovery, Geo. West 
The Texas Co. 29 dist 200,000,000 4g 2,950 Discovery, Blessings 
Norsworthy et al. 80 342 2,300 1,160 | Discovery, Fagan 
Norsworthy et al. Gas 995 995 New sand, Fagan 
Harrison & Abercrombie 50 dist 5,000,000 Sealed 1,850 | Discovery, Shepherd 
Titanic Oil Co. Gas 2,050 2,050 Discovery, Edwards Ranch 
Stanolind 0. & G. 51 19% 4 400 2,400 | New sand, BE. Placedo 
Humble O. & R. Co Gas 2,000 1,800 | New sand, McFaddin 
ranswestern Oil Co 81 32 290 650 | New sand, McFaddin 
Texas Gulf Prod. Co. 15 346 Sealed 75 | Discovery, Bloomington 
Texas Gulf Prod. Co. 90 Ys 1,500 500 | New sand, Bloomington 
Texas Gulf Prod. Co. 12 dist. VY 2,100 2,050 | New sand, Bloomington 
Barnsdail Oil Co. 45 a hi 2,200 250 | Discovery, N. Keeran 
% bot. 
Colton & Colton 35 , 325 65 | Discovery, Terrell 
5 | Cockburn Oil Corp. 11 dist. 2,500,000 ha 3,450 950 | Discovery, E. Bernard 
46 | J. F. Hutchins 108 % Sealed 600 | Discovery, Borden 
7 | Gulfboard Oil Corp. 24 850,000 542 Sealed 2,250 | Discovery, Lissie 
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5282 ft. for 25 bbl. of distillate on Aug. 7, 
1940. The field is now inactive. 

Thomaston, Dewitt County —Atlantic Re- 
fining Company’s No. 1 Mrs. Pearl Conwell 
was completed as a distillate well in the 
Wilcox at 7855 to 7885 ft. on April 15, r94¢. 
Several other wells have been completed 
but the field does not appear at this time 
to be important. 

West Ganado, Jackson County.—Pure Oil 
Company’s No. 1 F. Spacek was completed 
for 230 bbl. of 24.1° gravity oil from a Frio 
sand on Oct. 26, 1940, through perforations 
from 5204 to 5220 ft. One dry hole has since 
been drilled. Several producing horizons 
were encountered in the No. 1 Spacek but 
only one has been opened to production. 


New SANDS 


Fannett, Jefferson County—The discov- 
ery of production in the Frio section on 
the northwest flank of Fannett dome, 
Jefferson County, by the Gulf Oil Corpora- 
tion in No. 2 Bordages, at 8206 ft., inaugu- 
rated a drilling campaign at this old dome 


which has resulted in the addition of sub- , 


stantial reserves. The entire area is con- 
trolled by the Gulf Oil Corporation and 
orderly development is in progress. The 
discovery well was completed on Jan. 25, 
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1940, for 846 bbl. of 36.4° gravity oil on a 
14 X 6 positive choke. 

Esperson, Liberty County.—The Esperson 
dome, Liberty County, was actively ex- 
plored by the General Crude Oil Co. and 


additional reserves are being developed. 


This area is controlled by the General 
Crude Oil Co. 

West Ranch, Jackson County.—The ac- 
tive development in this field during 1940, 
because of diversified ownership, added to 
the reserves of the area. 

Lolita Field, Jackson County.—This new 
field appears to be of major importance, 
owing to extensions and new sands found 
during the year, and will be quickly drilled 
by numerous owners. 

Other Areas —New sands were discovered 
at Keeran and McFaddin, Victoria County, 
and at Chocolate Bayou and Rowan, 
Brazoria County. 
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Oil and Gas Development and Production in North Texas 
for the Year 1940 


By Lewis W. MacNaucuTon,* Mrmser A.I.M.E. 


Tue North Texas district, as herein 
defined, includes the counties of Archer, 
Baylor, Clay, Cooke, Foard, Hardeman, 
Knox, Montague, Wichita, and Wil- 
barger. This area covers generally the crest 
and south flank of a system of buried 
mountains known as the Red River uplift. 

_ The oil and gas accumulations along this 
feature are in traps, which, although 
localized by structures incident to the 
regional uplift, are usually modified by 
stratigraphic changes in the sediments. 
Excepting the fields in southeastern Baylor, 
southern Archer, and southwestern Clay 
Counties, all the fields within the district 
are on this Red River uplift. These excep- 
- tions, which have the same type of oil and 
-gas accumulation as the other fields, are 
on the extreme north end of the Bend arch, 
which is a broad anticline plunging north- 
_ ward from the Llano uplift in central Texas 
to Archer County. The larger part of past 
oil and gas production has come from 
_ Pennsylvanian strata, with less important 
amounts from the Permian, and minor 
_ but increasingly important quantities from 
_ the Ordovician. 


7 


t DEVELOPMENTS DURING 1940 


The encouraging outcome of exploration 
_and development in Montague and Cooke 
Counties and generally greater activity 


3 


- throughout the district resulted in the 
drilling of some 1700 wells during 1940, 


Manuscript received at the office of the Institute 
April 18, 1941. : 

* Consulting Petroleum Geologist, DeGolyer, 
r MacNaughton and McGhee, Dallas, Texas. 
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about 350 more wells than were drilled in 
1939. Approximately 1250 of these tests 
were completed as oil wells. 

Production likewise increased during 
1940 to the extent of 8 million barrels more 
than the 251 million barrels produced in 
1939. In spite of this large increase in 
production, known oil reserves again 
increased substantially. 

As is usually characteristic of this dis- 
trict, the new reserves were from a large 
number of fields, none of which were of such 
magnitude as to be important to the oil 
industry. Nevertheless, the Fargo field, 
Wilbarger County, deserves mention as 
one of the more important discoveries in 


‘this district during 1940. Following seismic 


surveys, the Amerada Petroleum Corpora- 
tion located its No. 1 Goodpasture in 
SECs DIGG ers Li panid ola C Re sR 3 Co. 
survey, and drilled it to a total depth of 
6717 ft. This well was completed in July 
1940 through perforations in the casing 
from a pay between 3230 and 3252 ft. for 
an initial production of 241.5 bbl. on an 
8-hr. pumping test. Other potential produc- 
ing horizons were found in the Pennsyl- 
vanian at depths of 3960 to 3995 ft., 4208 
to 4234 ft., 4407 to 4422 ft.,.and in the 
Ordovician at 6300 ft. Wells completed to 
date in the several Pennsylvanian horizons 
have an average daily potential of 600 bbl. 
of oil. Although no wells have yet been 
completed in the Ellenburger dolomite 
(Ordovician), the discovery well swabbed 
rs bbl. per hour from this formation before 
plugging back for completion in an upper 
horizon. 
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TABLE 1.—Oil and Gas Production in North Texas 


Area . Gas Pro- : 
Total Oil . Number of Oil and/or Gas 
oy yon Production, Bbl. —— Wells 
Cu. Ft. 
Duri 
Field, County 1940" End of 1940 
f| Duri 
Oil |Gas*| "i640 | "3040" $¢|_||2E 
is a= Sig 28 2 a 
SE elfe| &o | =| Bles/ 8. [83 
ae SIES| SE | 8] 8/88) Sa /82 
Sa alse 8a 3/3 \E2| £5 ES 
Archer County: 
Dlowitt 24) ce. shinacustas 1940 80; 0 14,186 14,186} 0] 0 10 | 10) 0 0 10} 0 
arson sae Sia eee 1939 30} 0 8,170 2,763} 0] 0 4} 0}0}] 0 3} 0 
Chalk Hill (deep)....... 1931 600 0| 2,976,441; 186,998) 0] O 41 0) 2 0 39} 0 
Galganee tke tae 939 80 0 20,193 19,823} 0] 0 10 4,0] 0 9} 0 
Colemanese eee oceans 1940 20} +0 1,873 1,873} 0} 0 ES Je tats A) 1} 0 
Harley ov nc soe terete 1939 30} 0 5,627 2,550} 0|] 0 Ste EO 3] 0 
Gridin ey ania. oatedhte 1939) 250) 0 62,087} 31,643) 0| 0 7 | 1:0: 40 a0 
Hull Silkse. esd carves 1938] 7,500} 0] 3,161,432] 2,725,543] 0 | 0 | 389 /296} y| 0| 382) 0 
Manking fae eatna ane. ¥ 1939 500; 0 133,121] 113,865) 0 0 13 | 10}0] 0 13} 0 
MoCroryacere a, tere oa 1938 20/ 0 26,011 8,212) 0} O 4°). 201010 1] 0 
Mendon: snc tee 1940 30; 0 683 683} 0] 0 3] 3}0] 0 3} 0 
IMorrisOn.2 fia. edo dara 1939 30} 0 8,319 5,970} 0} O 3.11/01 50. 3} 0 
Scotland’ 41.8.0 he 1938 20) 0 13,457 5,949] 0 0 11 Ol 6120 170 
Vogtsberger............ 1940 80} 0 12,391 12,391} 0} 0 2h 310 a 2) 0 
pes sa ts ee ra 1940 10] 0 329 329} 0} O ye ce ie 1; 0 
All other fields.......... y| —y|116,353,219} 3,090,743] 2 | 2 | 695y\101) y | y |3,607] y 
Total Archer County. . 122,797,539) 6,223,521 431 
Baylor County: 
POrEWOOM + 5.05.00. sk ee 1924 600 y| 4,613,963} 247,055) 0 0 188 | 0)13 y 147) 0 
Menghany tect. saves 1940} 250) y 13,887 13,887} 0} 0 §.} 28} OFF 20 3} 0 
Seymour, sc en ne ae 1939] 1,000} y| 216,773} 180,004) 0} 0 20 | 10;}0}] 0 17} 0 
Clay County: 
Barns yaa siics aerial woke 1939] 160) y 101,128 65,227} 0} 0 S{ 2.070 3] 0 
Dostlay ® wies taco na caret 1939 20; oy 36,174| 34,533) 0| 0 10| 7}0] 0 10} 0 
Costley South........... 1940 50) oy 11,629 11,629 13 | 13}0] 0 13} 0 
Glasgow................ {1940 50 y 12,832 12,832} 0| 0 14 | 14/0] 0 14) 0 
RRM cahoots 1939] 400) y 73,309 62,178} 0} 0 9} 710] 0 9} 0 
ApGood Sxaenwtse Hin ee! 1940 120) y 18,513 18,513} 0} 0 3 3} 0 0 3] 0 
Henderson,;,..0.. 00sec) 1939 310) oy 45,237 45,237, 0| 0 15 | 1410] 0 14) 0 
OWENGs i405 Konan es 1940 40) oy 3,786 3,786 0} 0 1 T0120 1} 0 
ally sect, hae netin 1939 120} 0 22,645 21,711} 0] O 3 210] 0 3} 0 
Rider! Soe ce ectlin vice 1939 40) 0 5,148 4,005] 0} 0 1] 0}0)] 0 1], 0 
MclInness....... 1940 60} 0 49,515] 49,515} 0] 0 15 | 15) 0] 0 15} 0 
Worghianins.nconesoe 1937} 200) 0| 442,974 50,770} 0} 0 14] 110] 0 7| 0 
All other fields.......... yv| y| 8,470,913) 610,081 y | 27 
Total Clay County.... 9,293,803] 990,017 y |105 
Cooke County: 
Dallisburg. fi ca'sprs emt y 20) oy 16,029 2,747| 0} 0 1] 0}0] 0 1] 0 
Gatnevillacrs in ja een an, 1935) 550) 0) 3,173,041] 362,039) 0} 0 y| uly 123] 0 
TOU st apisahat wage 1939} 150) 0 26,089 258} 0] 0 28 | 26) 0] O 28] 0 
VotneoaAmunshusecane 1938] 500) 20) 252,454 87,512) y | y 38 | 14,0] 0 28] 2 
Walnut Bend........... 1938] 1,150} 0} 1,554,236] 1,268,591] 0} 0 89 | 59} 0] 0 89| 0 
All other fields.......... y| —y| 15,069,869] 1,181,520) y | y y| viu| vy] 982 
Total Cooke County... 20,091,718] 2,925,662 y| oy y 
Foard County: 
Moat esate ace necator 1940) 120) y 8,821 8,821] y} y 5] 50] 0 5] y 
DODHSON oasasices Cate te 1933] 380) 160) 1,508,325} 144,894) y | y 16} 10) 0 ll] 4 
IE DAlia seretisiea’y Heat ettee 1927; 180) y| 316,206 12,753} 0} 0 13) vi y| 0 4) 4 


6 Footnotes to column heads and explanation of symbols are given on page 256. 


Flowing 


i] 
ee COronoeo 


32: 


bt 


_ 
wonwooooeo 


— 
oe wi oocoe 


_ 
ce co owownsesd 


la 


Artificial 
Lift 


i 


S & wowmuHwSs 


ror cors oo 


Sed 
a 


Ree 


ee 
SF HOR RCOmRe = Oo) 


a 


8 & Seer 8 


_ 
oon 


] 


Ne Ne NT ee ee ee A 


sei be 


NI OoORWdOre 


LEWIS W. MacNAUGHTON 


TABLE 1.—(Continued) 
er eee re a Ve eee On ee 
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(elke Deepest Zone 
eg ok : Character of Oil Producing Formation Tested to 
Sq. In. End of 1940 
a] 
=] 
aI Depth, Avg. Ft. 
rites a 
rs 2) Ay o Name o ees Name 
‘gi <4: + Pay ] So a. = : 
S| ¢|ee88| 33 S/5) 3B | gE | Se) 2 sé 
2 SS| £| £335 |2° te tel uke e loss" 1 Pe foe a6 
3 |2°| 2 | 63° < |g 2\é|2| eS | 28 | 2] 3 ar 
ee 38 y | Swastika Pen | § | Por y|1,460 | y ML | Cisco 1,460 
Eo Ve 40 y | Gunsight Pen |} S }Por} 1,490/1,510 | 3 y y 
900} y|/PP| 42 y |Canyon and Strawn | Pen | § | Por] 2,200/2,225 |20 A | Strawn 5,748 
Eo eae 40 y | Gunsight Pen | S | Por} 1,453|1,461 | 8 y | Cisco 1,461 
oll ey 41 y | Bend Pen | L |Por| 5,009/5,058 |19 y | Bend 5,058 
Z| 40 y Genet : ven 8 “ice 920 = : y | Gunsight 925 
‘unsig! en or| 1,630 | 1,64 
Ai eg 42 y are Pen | § |Por| 4,390]4,410 |24 \ y | Strawn 4,439 
Cisco Pen | S |Por| 1,300}1,320 | 5 
Upper Strawn Pen | L | Por} 3,800/3,860 {15 
vy ¥ 42-44 y Lower Strawn Pen | S |Por} 4,820) 4,350 {30 A ly 
Basal Strawn Pen | L |} Por} 4,545 | 4,563 |18 
Bend lime Pen 7 Por| 4,620/4,630 /10 
z| = 43 y | Bend lime Pen Por| 4,660|4,690 |30 y | Bend 4,696 
lh ee 41 y | Bend lime Pen | L | Por} 4,735) 4,760 |20 y | Bend. 4,760 
fd Ge 38 y | Cisco. Pen | S | Por y| 960 | y y | Cisco 1,605 
Ziad 38 y | Gunsight Pen | S |Por} 1,290}1,300 | 4 y | Gunsight 1,300 
| 2 y y | Strawn Pen | S |Por|] 4,135} 4,188 +] 3 y | Strawn 4,138 
Z|" @ 41 y | Strawn Pen | § |Por| 4,656) 4,671 |15 A | Ellenburger | 5.335 
oa Wes 37 y | Cisco Pen | S | Por] 1,393] 1,399 | 6 y | Cisco 1,399 
ao\ ies 36.5 y | Gunsight Pen | S | Por} 1,400 10 y | Strawn 4,265 
Chee a 31 y | Canyon Pen | L | Por} 3,061|3,094 | y y | Strawn 4,304 
Op ie y y | U. Canyon Pen | L | Por! 2,580] 2,605 |20 y ly 5,598 
Cah keg 44 y | Strawn Pen | S |Por|] 4,425]4,450 |20 y ly 6,014 
oy 2 { uh } y | Cisco Pen | S | Por et 1160 18 y Cisco 1,275 
«| = y y | Cisco Pen | § | Por 711,143 |.5 y | Cisco 1,395 
Zh) oe y y | Cisco Pen | § | Por y y y | Cisco 1,912 
CO ea 38 y | Strawn Pen | S |Por} 4,750)4,790 | y y | Strawn 4,793 
|e 47 y | Bend Pen | L |Por| 5,972/5,994 |20 y | Bend 6,538 
a| 2 40 y | Strawn Pen | S |Por} 38,yyy|3,yyy | y y | Strawn 3,655 
Sh. & 44 y | Ben Pen | L | Por} 5,460] 5,488 {15 y | Bend 5,488 
Zh- 2 41 y | Bend Pen | L | Por} 5,850] 5,400 |40 y | Bend 5,443 
a|-"2 37 y | Strawn Pen | S | Por} 4,180}4,150 /15 y | Bend 5,527 
z| 2 y y | Cisco Pen | § | Por 1,074 Te 10 y | Cisco Yy 
10 
ie aac 38 y | Strawn Pen | § | Por 3900 oreo 26 \ y | Strawn y 
t| & 47 y |y Pen | y | y | 3,519)3,521 | 2 y \y 3,775 
41 y y y y y y y |¥ y 
eee a Peo! Looe] HB fase Hb a) 4 |e 
a) 2 38.9 y | Ellenburger Ord {r yor as 1,735 15 } y | Ellenburger | 1,793 
Strawn Pen | S 4,900 | 4,970 
z| 2 34 y Strawn Pen | S 4,108 | 4,130 + | y y | Cam-Ord 6,055 
Simpson Ord | y | y 5,200 | 5,240 
: Canyon Pen | L |Por} 2,360} 2,370 |10 Canyon 2,370 
: i$ 5 ; Canyon Pen y Por} 3,600|3,625 | » Pre-Cam 5,003 
Thali Pen Por y 3 
yl) oy 39 y Ne PER Pen | L |Por| 2,500] 2,550 § | sere 11 2,800 
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TABLE 1.—(Continued) 
a 


Total 
Area . Gas Pro- - 
Total Oil F Number of Oil and/or Gas 
Proved, F duction, 
Acres Production, Bbl. Millions Wells 
Cu. Ft. 
Field, County geri End of 1940 
: To End of | During 
B es = 
A ae SSeS) FS | §| glfsl Salsa 
- a ETI) OF S| Sle AS EO 
Montague County: 
42 Benton and Holmes..... 1939} 640) 0 132,874; 104,666) 0} 0 16 0; 0 12) 0 
43 Bn nies nese sidan 1940} 320) 0 152,821) 152,821) 0 0 17 | 14) 0 0 17); 0 
44 Bowilesteseniansanta sae 1940 40 0 10,138 10,138} 0 0 1 1,0 0 1.0 
45 Nocona Townsite........ 1939} 640) 0 707,687| 624,141; 0| O 35 | 26} 0] 0 35| 0 
46 Ringgold: foc eisia-n ieee 1940 200 0 64,021 64,021; 0 0 8 8| 0 0 8| 0 
47 All other fields.......... y y| 31,772,641| 1,710,069 1,084 | 10 
Total Montague ° 
County l.2.ssccentk 32,840,182] 2,665,856) 0 0 |1,161 | 68 
Wichita County: 
48 K.M.A. (deep).......... 1931} 27,500 y| 25,407,836/11,414,132| y y |1,481 |311) y | y | 1,481 ¥ 
49 Georgete.an sie nse 1940 20; 0 y vy) yl oy » Sol ee | FO i) 2} 0 
50 JACHBOW rae coe eta acions 1938} 300) 0 y yi yvloy 12) tial tg 17} 0 
51 Osta yer Means dots 1940 20) +O y uy) yl oy 6} 60] 0 6| 0 
52 State Hospital.......... 1938 80 0 y y| 0 0 3 1,0 0 3] 0 
53 Underwood)... sc. denden 1939 60; 0 y y| 0} 0 9} 310] 0 9} 0 
54 All other fields.......... y| y|815,918,756| 5,010,548 y | 99 
Total Witchita County 341,326,592| 16,424,680 y 
Wilbarger County: 
55 Castloperrys, as ascncnes 1938} 200 0 285,016) 165,480) y | y 25 5) y y 23) 0 
56 Consolidated............/1939 600; 0 455,374) 437,434) y y 31 | 23) 0 y 30} 0 
57 Fargorteeee nitacecuurse ae 1940 630) 0 11,001 11,001) y 7] 6 6] 0 0 6} 0 
58 Phillips-King........... 1938} 100) 0 64,853 34,675] y | y dlr oly OLeZO em 
59 Pois-Schultz............ 1939 60; 0 42,131 33,065] y y 9 3] 0 0 9); 0 
60 All other fields.......... v| —_-y| 71,616,833] 2,644,744 y | 25 
Total Wilbarger County 72,475,208) 3,326,349 
61 Total North Texas 
Distiicts tu ae cucene 605,503,017/33,163,499 
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Reservoir iB oy 
eee ‘i Character of Oil Producing Formation Tested ook 
Sq. In. End of 1940 
3 
g 
3 Depth, Avg. Ft. 
g 
Onin B 
Z a a a) Name ‘ 4 i: Name 
& : a ray o ; . < : 
Bs| 2 | sees | se 5/5/32 | = | ee] 3 ‘se 
Bye 2 ese | Bo £/2| 2) s3|ee| s a3 
s p07 & fy Pe il et ® s mq [—"Ke} Ales RP 2 a 
B (2 3| 2 | SSF | Be eh et eet Ae 
38 \ one ; ce y An 2,080 |25 
y y { \ y pper Strawn en or| 2,900}2,960 {10 y 4,078 
40 Lower Strawn Pen | § | Por ae 3,870 |20 ss 
40 y | Bend Pen | Do {Por} { 3443/2081 tf] a ly 6,975 
45 y | Bend Pen | L |Por| 6,016|6,050 |34 y | Bend 6,050 
43 Upper Strawn Pen | S | Por} 4,280} 4,300 
43 y Lower Strawn Pen Por| 4,650 sn y yo Ny 6,988 
re Bend Pen | L | Por nore 5,250 fe 
4 5,693 | 5,704 
{ 46 \ y | Bend Pen | Do | Por {3789 5,794 | 5 \ A | Bend 5,811 
40 Strawn Pen | SL | Por} 3,500 | 4,000 aa} ML 
42 y Ellenburger Ord | L | Por} 4,852} 4,389 |30 y y 
y y isco Pen | S |Por| 1,451}1,469 | y y \y y 
y y | Canyon Pen | L |Por| 2,600/2,680 /10 y ly y 
y y | Cisco Pen | 8 | Por pe See y y ly y 
H 5, 
42 y | Bend Pen | L | Por {3336 neo} y y | Ellenburger | 5,418 
40 y | Cisco Pen | 8 |Por| 1,200] 1,210 6 y | Cisco 1,481 
A $ 2,170} 2,190 | 9 
36 \ pee \ Pen |4§|Por| 2,640| 2,650 | 9 
. ’ , y ly 3,750 
{ 37 ere \ 3,100) 3,210 [15 
U. Strawn 3,75013,770 |22 
40 y {f. et Pes 18 Por} 4,025 | 41065 |40 \ y ly 4,066 
Cisco 8 y | 3,252 || y 
41 y Canyon Pen |<L|Por| 3,992|4,002 |15 A | Ellenburger | 6,717 
aes : 3 4,438 Ee 15 
isco ‘or y | 1,9 
36 y hes Pen {tr Por} 2,500 2550 f y y 3,870 
1,235 | 1,245 
38 y | Cisco Pen | S | Por| < 1,665 | 1,685 > | y y 2,675 
1,885 | 1,900 
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K.M.A. PRESSURE MAINTENANCE 


Following a meeting of the K.M.A. field 
operators called by John F. O’Donohoe in 
November 1939, to discuss ways and means 
of obtaining maximum benefit from a 
cooperative pressure-maintenance program, 
the K.M.A. Pressure Maintenance Asso- 
ciation was organized and an office opened 
on Jan. 15, 1940. 

During 1940 the number of input wells 
was increased from 45 to 78 and the volume 
of gas injected was increased from 23,005,- 
000 cu. ft. per month to the December high 
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of 197,660,000 cu. ft. for a total volume of 
1,470,156,000 cu. ft. for the year. The 
average volume of gas delivered daily to 
each input well was 16,491 cu. ft. at the 
beginning of the year and 81,745 cu. ft. at 
the end of the year. In December, 246.9 cu. 


ft. of gas were being returned to the reser-- 


voir for each barrel of oil produced. It is 
planned to increase this volume in 1941 to 
about 450 cu. ft. per barrel of oil produced. 
New input wells are still being added to 
the system and ineffective wells are re- 
moved. Ultimate results from this program 


TABLE 2.—Summary of Drilling Operations in North Texas 


Discoveries, Extensions, and Important Wildcats Drilled during 1940 


Field County Drilled by Well No. and Farm Survey 

1 Blowstt eae aces aoe Archer L. T. Burns First Nat. Bank, Olney No. 1 | Sou. Pac. R. R. Co. 

2 .| Archer Chapman & McFarlin Wilson No, 7-E E. Hall 

3 .| Archer Peterson-McCarty Wilson No. 36 J. T. O'Reilly ' 

4 Archer Young and Woody et al. Robertson No. 1 V. L. Lewellyn 

5 Archer Shell Oil Co., Inc. Coleman No, 1 A.T.N.C.L. 

6 Archer Gant Vogtsberger No. 1 German Em. Co. ~ 

7| Rendham..................| Baylor Hall-Jordan F. C. Green No. 1 H.& T.C.-J. E. Hix 

4 MHOVINOGL: cask astneeem wae a is Seto tie Ba 3 1s 1 T.&N.O. ; 

BDRGON. tarita,s ssced mine oe ay orw 0. Mari . Sch. L. 

10 | Henderson (3,500-ft. sand). .| Clay Shell H. Prodsresn No.1 TBs aon . 
11 | Henderson (3,200-ft. sand). .| Clay Shell H. Henderson No. 3 T. E. & L. Co 
12 ib ROward., 5 scccuts anus Clay Horton & Wiggins Howard No. 1 T. J. Belch 
TSiiCostley Whats Roca as Clay Costley W. J. McInness No. 1 Clark Bere ; 
14| Thornberry (Ext.)..........| Clay Apache Oil Co. Henderson No. 1 Clark ? 
15| Muenster district........... Cooke Kingery (now Seitz, Comegys) | Flusche No. 1 E. Reed 
16 | Walnut Bend (4,100-ft. sand)| Cooke Sinclair-Prairie Hudspeth No. 1 J. D. Henderson ; 
17 |tAlleairccnt ina agenacaemerutas Foard Thomason Oil Co, Gamble No. 1 H. & T. C. 
18 | Benton .| Montague | Sinclair-Prairie Benton No. 1 TR: 
10: Bonita, scant arin aeuteus Montague | Sinclair-Prairie Howard No. 1 W. Woln ' 
20 | Bonita (lower pay).........| Montague | Sinclair-Prairie Howard No. 2 W. Wallace 
21] Bowie.....................| Montague | Owen and Hults Tucker No. 1 T: Bi & Lor 
22 | Ringgold...............00. Montague | W. B, Omohundro Seay No. 1 H.&T.C, q 
Da Gunsotyy serena cama Montague | Walter Gant Laird No. 1 < i 
24| K.M.A. (deep pay)......... Wichita | Fain-McGaha Griffin No. 1-E WH Stee, 
OF | Rares sicteepie ners eisuealny Wilbarger | Amerada Petr. Corp. Goodpasture No. 1 H. & T.C. 
26| Fargo (lower pay).......... Wilbarger | Amerada Petr. Corp. Parker No. 1 
27,| Fargo Saad DAY) hte Wilbarger | Amerada Petr. Corp. Dodson No. 1 i é t. & : 
OR AITO se coy fa sumoisteninens Wilbarger | Big Six Oil Co. Morris No. 1 H.& T.C. i 
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cannot be estimated, but to date it has 
retarded the decline in bottom-hole pres- 
sure and has not increased gas-oil ratios. 


OUTLOOK FOR 1941 


As mentioned last year, the collecting of 
accurate geological information becomes 
very important in regions like north Texas, 
where the oil and gas fields are partly con- 
trolled by stratigraphic conditions. Since 
such information is now being collected 


405 


continually, it is believed that the prospects 
of finding additional reserves in 1941 are 
good. Firm demand and higher prices for 
crude oil also will furnish an incentive in 
this search for new fields. 
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Discoveries, Extensions, and Important Wildcats Drilled during 1940 


Number of dry holes completed in 1940...............05-5 


Tnitital Production 
per Day 
ann neers or 
Producing Depth Com- ota Surface ean, 
Formation pleted, Ft. | Depth, Formation Gas, | Fractions Remarks 
Ft. Oil Mil- of an 
U, SeByee ners en rnek 
Ft. 
1| Swastika sand 1,460 1,468 | Permian 10 Pumping | Ten producers, no dry hole 
2) Bend lime 4,620-4,630 5,091 | Permian 42 (1 hr.) Flowing | Deeper pay, prod., 
4 numerous dry holes 
3} Strawn lime 4,545-4,563 4,563 | Permian 623 (12 hr.) Flowing | New pay 
4| Swastika sand 1,393-1,399 1,399 | Permian 20 Pumping ie yin only * ate 
5| Bend lime Poe ross} 5,058 | Permian 256 (8 er.) 51. 8:y)], Plowangog) M80 eae show 0.8.1. 
6| Strawn sand 4,656-4,671 4,713 | Permian 80 (2 hr.) Flowing | Two prod., one dry hole 
7| Canyon lime 3,061-3,064 3,064 | Permian 184 (6 hr.) Swabbing atete prod., three dry 
oles 
8} Canyon lime 2,514-2,522 2,522 | Permian 336 Flowing | Extension ; 
9| Bend lime 5,972-5,994 5,994 | Pennsylvanian 262 (3 hr.) Flowing | Three prod., one failure _ 
10| Strawn sand 3,505-3,545 3,545 | Permian-Penn. 338 Pumping oe Eee 2 failures in 
-ft, san 
11] Strawn sand 3,194-3,205 3,208 | Permian-Penn. 165 (3 hr.) Flowing | Ten prod., no failures in 
; 3200-ft. sand 
12| Bend lime 5,460-5,488 5,488 | Permian 133 Pumping | No additional wells 
13] Cisco sand 1,074-1,090 1,090 | Permian 150 Pumping gk pumpers, three dry 
oles 
14| Cisco sand 1,130-1,136 ap. | 1,141 | Permian 15 Pumping Lai ia pumpers, five 
ry holes 
15| Canyon sand 1,000-1,006 1,013 | Comanchean 76 Pumping as pumpers, two dry 
oles 
16| Strawn sand 4,108-4,130 4,130 | Comanchean eae 2 W. Pumping | Two producers. 
r. } 
17| Canyon lime 2,360-2,370 Permian 39 O. 144 W. Flowing | Four small oil wells, one 
(23 hr.) ‘ gas,nodry holes 
18] Bend lime 5,126-5,135 5,137 | Pennsylvanian 119 Flowing | Two producers, no failures 
19| Bend lime §,240-5,249 5,249 | Comanchean 265 (3 hr.) Flowing | Six producers, eleven fail- 
ures 
20| Bend lime 5,443-5,458 5,458 | Comanchean 269 (3 hr.) Flowing | Hight producers, five fail- 
ures 
21| Bend lime 6,016-6,050 6,050 | Pennsylvanian 1,085 (12 hr.) Flowing | Will make approx. 95 bbl. 
ae daily, natural ; 
22) Bend lime 5,693-5,704 5,704 | Pennsylvanian 240 (3 hr.) Flowing | Six producers, three fail- 
ures 
Sti sand 4,863-4,878 4,878 | Pennsylvanian-Miss. 35 (12 hr.) Swabbing | Still testing 
ry Blenburger dolo.| 4,352-4,389 4,389 | Permian 179 (19 hr.) Flowing | Three rae ele and ap- 
prox. 
H 3 i 241 (8 hr. Flowing | Three good wells, two 
25} Cisco sand 3,200 approx 3,252 | Permian ( ) . eee wee 
26| Strawn lime 4,438-4,455 4,476 | Permian _ 33 Flowing ; ’ 
— i Being tested Flowing | This zone also showed in 
27| Canyon sand 3,982-4,002 4,002 | Permian eing ecotery tani NA 
28] Cisco sand 2,895-2,904 2,907 | Permian © Being tested Pumping | Still testing 
In Proven Fieips 
“Number of oil wells completed in 1940...........:.0c0cccscc eee ee cnet ete eteee eee ee eee e reese sab 
Number of gas wells completed in 1940............. ccs sesececece cece tee teeeseeeeaeeeenetenes a 


Oil and Gas Production in North Central Texas for 1940 


By H. W. Imuoiz* 


A NUMBER of interesting wells were 
drilled in north central Texas during 1940. 
The Shell Oil Company’s Smith well in 
sec. 143, block 1, H. and T. C. survey, 
Stonewall County, was completed for an 
initial production of 581 bbl. per day from 
the Mississippian limestone, with a total 
depth of 6065 ft. The same company’s 
Patterson well, sec. 393, block D. H. and 
T. C. survey, Stonewall County, tested the 
Ellenburger limestone and was abandoned 
as a dry hole with a total depth of 6760 
feet. 

In Nolan County the Tex-Harvey Oil 
Co. drilled a well in sec. 43, near the Tipton 
well, which was completed as a small 
producer in the Strawn section. The Tex- 
Harvey well tested this producing horizon 
but was abandoned as a dry hole with a 
total depth of 5210 feet. 

The Montour-Haggart well, sec. 184, 
block 2, H. and T. C. survey, Fisher 
County, tested the Strawn and was aban- 
doned with a total depth of 5664 feet. 


Manuscript received at the office of the Institute 


May 5, 1941. : ; 
* Consulting Geologist, Abilene, Texas. 


The Georgian Oil Company’s Blach, sec. 


309, T. R. and L., Shackelford County, 


encountered the top of the Ellenburger 
limestone at 4725 ft. After being plugged 
back to 3915 ft. from a total depth of 4825 
ft., the well tested 10 bbl. of oil per day and 
300 bbl. of water. 

The W. I. Sothern No. 2 Carlisle well in 
sec. 293 was deepened to the Cambrian. 
The top of the Ellenburger was encoun- 
tered at 6540 feet. 

A wildcat well in Fisher County, the 
E. A. Stephenson-Maberry, apparently 
opened a new pool when the well encoun- 
tered sand from 3208 to 3302 ft. and was 
completed for 50 bbl. per day in the Cook 
sand horizon. 

In Jones County, the King Oil Com- 
pany’s Olsen well, sec. 158, B. B. B. and C. 
survey, extended the Avoca-Olander pool. 
The well was completed for 263 bbl. in 
814 hr. from the Palo Pinto limestone, from 
32098 to 3302 ft. Ungren-Frazier extended 
the Akard pool with No. 1 Akard, in the 
D. T. Bruce survey. The well was com- 
pleted for 83 bbl. per day from the Cook 


“sand, encountered from 2109 to 2126 feet. 
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TABLE 1.—Oil and Gas Production in North Central Texas for 1940 
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Wear Area Total Oil Production, Bbl. 
Field, County of Dis- | Proved, 
cover: Acres, 
¥ | Gas? 
To End of 1940 | During 1940 
BUNA LOR, vBRown sean salon recicismtn ieee Ac cena an be Beane lweed 1927 100 133,896 3,361 
EB VAGE NEST OWI eee Maye ere Ae islet ela he cece staat Sh eiatilncae ck 1926 290 856,270 11,931 
GT ONO Dan otitis enrce leap chek mans ety: coeeckinhcclnc vie wan. 1920 250 405,880 3,070 
MONG ROSS HIST OUI MENIS I Meier GR, aio nico aes carte iio Soe ee hue 1927 180 910,384 41,307 
Clark- Sree POD AR eet et LT, See aes Le tn ei tees 1927 460 806,924 15,478 
Ter Gem CML POTOUI AON 5 EERE Te id Ac Pk ee eee a ch ee me 1921 2,300 69327,664 94,488 
LER ETAT OS Cito sec ICR TSG, geRE SANT ema ht ge a 1925 940 7,856,048 64,101 
KEEOUISS LOW ILM oe antere atlely ao hat eer ets | oe ae eA hae MES cl 1927 200 810,834 26,803 
JSON LA OLS 9121) ey ee Soe Se Ae Ae ReneS 1926 450 2,345,284 45,226 
AON Elgg ge blag yA Mass ee Pe ieee aa a 1926 1,500 7,312,783 153,911 
CHET prot wich tte tne ROOM Sere Site AERTS REL ihe RR. | ak 5,595 2,569,862 61,853 
MotalhBrowCounty te setae ee coe cate ae te oe ee 12,265 30,335,829 521,529 
LEN ONE Tae oo ia eee Saami ne Se ROE eaEC Ue ee ae 1925 500 880,188 7,820 
Piatobett iC ueGnaluere fica ic ss. saa arias clic LS. cis v's ecaed cones: 1927 375 1,421,557 35,577 
ser HOUT CONGO. «Seb aa acoikscatoe sisi, ups ay ere het oh eis Weer 1923 600 2,222,580 43,936 
UEC LEA ist CON QAR A fiche ics, core ah sc cavities Mote ned Os a 1926 400 2,568,579 68,046 
Oihers Me Qadir 14d ci aeh chon ceed comets. A sa. ve cath Coad cee Athans: 9,515 7,426,080 228,917 
MotalvOmiananiC ovrtyes: peewee sin 8 SOUn CLES Ry Gig Cee De ae 11,390 14,518,984 384,296 
Burkett, Coleman 
log SAS GEC) DEPOT) SERGE CAUS, 71.5 APNE OR Scat ee Cn eee Ae 1924 850 2,390,569 70,665 
Rest iets sieve veacte ae eke Mine GR ace ce Wace 1930 200 700,701 12,003 
Dib ciesan ORE or. PLETE hcg A Pa ie mae Re Kael 927 170 460,765 41,762 
Eastland, EET ides crachse OANA OGRE ha EI kT EC an Le 1928 270 2,069,407 34,519 
Jennings, COLMAR tice REY SER RO Ce eee Ae 1927 135 483,734 12,753 
Overall, Coleman. . BRS RY cn Gea vai ee ich, Mick ho hes a 1926 200 1,301,454 47,472 
Sanata Anna, Colemunemune ane hE Rr emai hinge arian 1922 150 462,911 3,399 
SW ATOSOUN COVEN OTE ears Hann, ete hes Tice na icians he SR nae Od eile hemo eos 1930 200 427,382 15,456 
ERC set OL EMIT a Arete nipelevaincd. testo. <hr os sunhionith onjau nl cadet ek ohn 985 2,339,812 348,337 
PRODAEOUPCINALI C GUILE Santen A ten es APR oe aiden hot alai®  SRetooe ea aoe One 10,636,645 586,366 
OLB EPSACOMANCHO UR okies iaaena etre, ote Sikes MiGs ohare tiene ed eA tee Se 1,596,479 111,207 
MERdomonas. HM GsNGNdy HIG tne. ck Sansone con 2 iki, meee nee ny 1918 6,175 23,282,807 144,034 
LEMUR TCT IOC PTE 0 Ee aE oR EM ede A ame 1919 400 1,119,916 8,788 
EN Len sigs trsra Pl SWIG ttevciog nro, eo fclors wae e-alele nsate tay sicvotnl esac a vlcro’s'=, + ales are cas 1922 300 901,566 24,276 
(ENODUEE MGR eateries cis Te oe Lucien aeiaie balerdietea eal ees eck 1919 1,400 5,566,654 59,225 
MOG OTS PHASE AN net et iem clos get aie omen Mies amas tae un hoe ented melee 66,884 474 712,990 
ICAL SHANA COIN teats tree nivie Wert ile Cente eae ne 74,472,610 © 805,279 
LO WOLG en RAEN ee Mace Sar ae acer coe hires wc ee tte Ua aeons MO nats 1934 40 93,235 12,937 
Royston, KASREN COMM a retara isc maT seit sce Moyea AGORA tees acne e Fatenea ne eae 1928 2,800 10,728,497 540,189 
Botan CRODIRGOM NM MTeeM can tantischits aceite eth u ke sani bees. Oe 1936 640° 1,028,488 224,146 
Rotan aos RCH ER estes iercae Set ea Mets shies, Me tlets aay Sen aS 1937 80 51,707 16,023 
BROtA as ela COUNTY es ceili etree atresia: coi lg Para oencinn aE 11,955,827 793,295 
MNETOLR ELBE COCCI Rc ea eee he Isai, vie «einer see hielo, nen eS Pete 178,531 17,515 
INEST SUG CE 0 We otely See ne ee Oe ea eee eee eee ae 1938 200 68,075 31,389 
PA OCAMCLELILIM a ON CBOE te taetataxa het a ttete PASTS) e e:e tie, erareiarah oar snes avoionanle sein ie aD 1938 640 1,221,825 607,384 
IA aCHe OMAR GK se ONCE: ash atisians cess Celine orb OE Se ae su Re eee a Oe Re 1936 640 1,356,861 423,740 
IBIS ELAWICY SU ONCE Rs won reieie(steritsiac.o oie salva ania ge ised aes CaN ote eeee 1935 600 3,030,764 137,410 
NGttAk META Wiley piOMed were am. yaetee gh creer isms he kee itapes. areca hate nie cies iee 1936 400 749,711 69,391 
Mrvine NoodletGrecks (SONS tains. cidts oOvenacup rtisatn Nodule «dates andanne 1937 500 199,655 67,072 
MRGTEMIAS eA ONLOB CMM Nave, Sats cay atvlalnks Sit ota einue ti aie Pisraiel al ouafoveseverdiofertare‘eran .| 1984 160 585,662 25,060 
WORE CL co QSCOCE Ie CRD A CRIA AUD OCa Sr ere ratte 1936 800 1,110,091 448,271 
Nodia| Oreck 1927 | 1,030 6,379,138 190,278 
RGEC iiire MASUR 8 abs aise ode, < coe a Beak Pi sbansde sivas ce ‘| 1932 640 1,761,439 359,053 
MIRNG VRRICMS 1ehOTEOAP urtaeracit ei aie, indiana de mn beene ais, Maisie iene eabiavehOA 1935 450 305,397 31,670 
RRLONG ONES Mem esy ce Nass cere ae ae bore bys yo hts WM emote olde nace naates 1937 640 364,588 230,198 
MGC TO OES eee eee eae ei eo rece ee soci aAeT MR ts lak oe Accel eee 272,868 73,475 
Ch ees GOUMEY Pre ee art oe tae Teper eerie ose tape Co 6,700 17,906,174 2,694,391 
(OUiGies IGE (iaeds 13 gen OD Te RUSe TORT EE SERRE Life REE MASc oe 58 ae one A ai oe a4 eo 
aR a ae, bee 193 312, ; 
aa Ca Sa d. “ Ss sca eT oe ROE OS Te a 1925 | 1,460] 16,519,730 643,522 
yes HACKCL OVE Mee ani. erate Nac rapur ole tas aeete Be sie pays vies ole Beh eles 1925 115 |: 330,658 9,026 
To TITS ETT ODS OS OE Re, Sein Me EO ENED 1923 220 | 1,308,632 50,790 
HSS TINE Fe tlin ooh Oe te OE ee nee od aie Re pee | 1921 | 1,240] 2'460,373 221515 
FAA iba RUSTE OS ch oe BR ce ands comcasbo dive 1937 700 1,087,072 542,351 
es GNP ROR Eu hie AMS coy haf AS cts dad rues REL 1925 640 873,581 51,362 
Biennaoniss Harvey NSAGCKELONE IS lc cticcbs iwc cce viease Phacan bine acnaNiek es CO 1925 160 397,176 24,258 
PRC TEH LL TS OCKELLONGE cae pres Pee ia sales! alosaru ssl cssiaatiete Sara wa hscssavde. ws ee hems 1927 300 2,436,810 115,361 
Others IE) rit ER EE Discs Groen hs omy ee Ro tet wt 11,522,033 606,688 
otal Siackél fore Courly) ses des hen aera due nih ence ogee 40,249,008 | 2,329'963 
cere Cpa Ee ee CT ree nee ent a Necscrhen makin Saran 127,179,655 896,715 
Stonewall County. . , ot 39,608 
ile CHIT ioe ceposen a0 1 WDC SARE O oot 70 6 xtRG USOC OS oe Dp npr ounUee ae 02,280 55,567 
PB FACKINOTLOTE CG OURY sara echelon Lime ie chw slelen arene eisie- Dei v pe Sakon 3,390,988 100,214 
b Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 1.—(Continued) 
a 


Number of Oil Producing Formation 
 |and/or Gas Wells,| Character of Oil, 
| End of 1940 | Gravity A.P.I. at 
3 | 60°F., Weighted Depth, Avg. 
a Average Name Agee Character’ | Ft. Top Prod. Structure* 
| Producing Oil¢ Zone 
Ne 
1 11 38 Fry sand Pen s 1,150 ML, N 
2 24 39 Fry sand Pen s 1,300 ML, N 
3 10 37 en Pen L 2,450 A 
4 112 35 Childress Pen 8 800 ML, N 
5 36 42 Fry sand Pen s 1,150 ML, N 
6 149 40 Cross Cut sand Pen s 1,200 NL, M 
7 100 42 Fry sand Pen s 1,300 ML, N 
8 30 39 Fry sand Pen S 1,300 ML, N 
9 37 41 Fry sand Pen 8 1,300 ML, N 
10 159 41 Blake sand Pen $s 1,200 ML, N 
ll 
12 
13 15 39 Cross Plains sand Pen fs 1,700 ML, N 
14 94 38 Moutray sand Pen S 400 ML, N 
15 136 37 Isenhour sand Pen S 700 ML, N 
16 77 37 Moutray sand Pen s 750 ML, N 
17 980 
18 1,302 
19 173 34 Burkett sand Pen S 400 M,L 
20 19 41 Cross Cut sand Pen s 1,550 ML, N 
21 14 42 Gwinnup sand Pen Ss 1,900 ML, N 
22 28 42 Gwinnup sand Pen S 2,000 ML, N 
23 26 39 Fry sand Pen s 1,950 ML, N 
24 12 42 Strawn sand Pen s 2,300 A 
25 10 39 Fry sand Pen s 1,500 ML, N 
26 15 39 Fry sand Pen s 1,450 ML, N 
27 50 
28 
29 138 
30 66 Desdemona Pen s 2,750 A 
31 3 37 Bend Pen L 3,100 MN 
32 35 38 Strawn Pen s 1,200 N 
33 50 41 Caddo Pen iW 2,450 AF 
34 359 
35 
36 Pen L 3,670 ML, N 
37 diy, 39 Saddle Creek Pen ie 3,100 A 
38 35 38 Camp Colorado Pen :F 3,500 MN 
vrs 1 39 Camp Colorado Pen i 3,600 MN 
41 
42 ll 39 Bluff Creek Pen Ss 3,200 MN 
43 64 39 Strawn-Canyon Pen L 3,200 A 
44 54 39 Strawn-Canyon Pen oe A 
45 79 39 Six Cisco sands Pen Ss 1,900-2,300 A 
46 67 37 Cook Pen L 2,000 A 
47 10 39 Four Cisco sands Pen LS 2,350-3,000 A 
48 18 39 King sand Pen S 2,040 A 
49 87 39 Bluff Creek Pen s 1,900 ML, N 
50 83 38 Camp Colorado Pen if 2,500 MCA 
51 50 41 Cook Pen Ss 1,950 N 
52 21 37 Bluff Creek Pen 8 1,900 N 
e 30 37 Bluff Creek Pen S 1,900 ML, N 
eB 1 43 St C; 
rawn-Canyon Pen S 5,130 N 
57 214 37 Bluff Creek sand Pen s 1,600 N 
58 327 37 Cook sand Pen 8 300 ML, N 
59 38 35 Fry sand Pen 8 450 ML, N 
60 39 37 Hope sand Pen § 1,500 ML, N 
61 17 39 Caddo Pen L 3,500 N 
62 72 39 Strawn-Canyon Pen L 1,900-3,200 A 
63 85 37 Tannehill sand Pen 8 1,100 ML, N 
64 19 39 Bluff Creek sand Pen 8 1,700 N 
8 84 38 Tannehill sand Pen § 1,150 ML, N 
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Oil and Gas Development in the Texas Panhandle for the Year 1940 


By Henry Rocarz* anp H. W. McCuet 


Oi.—In the Texas Panhandle, 502 oil 
wells were drilled during the year 1940, 
with a total daily initial production of 
139,187 bbl.—that is, 137 more oil wells 
drilled than in the previous year, with an 
increase in total daily initial production of 
8219 bbl. The total daily potential of the 
field on Dec. 31, 1940, as determined by 
the Texas Railroad Commission, was 
1,375,502 bbl., an increase of 30,825 bbl. 
over the previous year. On Dec. 31, 1940, a 


~ daily allowable of 85,050 bbl., which was a 


Manuscript received at the office of the Institute 
April 9, 1941. 

* Consulting Geologist, Amarillo, Texas. 

} Columbian Fuel Corporation, Amarillo, Texas, 


decrease of 35 per cent over 1939, was 
assigned to the field to be produced from 


4788 wells. The total amount of oil pro- 


duced for the year was 26,788,590 bbl., 
making a cumulative total of 378,960,728 
bbl. during the past 19 years. No new 
oil-producing acreage was discovered. 
Gas.—During the year, 92 gas wells were 
drilled, having a combined open flow of 
2,402,900,000 cu. ft.; that is, 6 more than 
the number of wells drilled in 1939, with an 
increase in the open flow of 204,900,000 
cu. ft. per day. The gas production for the 
year was 670,435,112,000 cu. ft., and the 
total gas removed from the ground during 


TABLE 1.—Oil and Gas Production in Texas Panhandle 


County 


| Line Number 


_ 


oN Do 


1 Acreage not definite: for provisional 


Area Proved, Acres} Total Oil Production, Bbl. 


Year 

of 

Dis- 

CcOv- 
ery i b To End of During 
ot eS 1940 1940 
en Fee 1921} 19,570] 247,194 | 35,592,308 | 3,122,257 
re 1925 | 58,845| 227,127 | 171,893,038 | 12,482,878 
se 1937 1 0 
5S 1928 0} 29,491 0 
9D ik 1922 | 60,993] 217,071 | 145,420,953 | 9,052,086 
keene 1926 640} 432,130 | 4,966,679 | 258,211 
Pee 1919 o| 144,786 33,822 0 
eee 1938 0 1 0 0 
aie 1925 | 8,250] 153,768 | 18,845,678 | 1,873,158 
wad 148,298 | 1,451,567 | 376,752,478 | 26,788,590 


> Footnotes to column heads and explanation of symbols are given on page 256. 
figures see ‘‘ New Developments,” in text. 
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the past life of the field was about 914 
trillion cu. ft. No additional gas acreage 
was added to that listed in 19309. 

Pipe-line Gas.—The pipe-line companies 
withdrew 263,781,196,000 cu. ft. of gas (a 
daily average of 720,713,000 cu. ft.). The 
total yearly withdrawals by pipe line in- 
creased 14,873,124,000 cu. ft. from those of 
1939. 

Natural 


Gasoline-—Throughout — the 


greater part of the year, 38 gasoline-extrac- ' 


tion plants processed 1,478,492,000 cu. ft. 
per day, a total of 541,128,283,000 cu. ft. 
for the year. This gas yielded 304,326,036 
gal. of natural gasoline. The total daily 
capacity of all the plants is 2,434,400 
thousand cubic feet. 

Carbon Black.—Twenty-nine carbon- 
black plants operated during 1940, burning 
294,314,675,000 cu. ft., or a daily amount 
of 804,138,000 cu. ft., and producing ap- 
proximately 415,000,c00 lb. of carbon 
black for the year. 


Refineries—Runs to the six operating 
refineries for the year 1940 amounted to 
14,928,000 bbl.—a daily average of 40,786 
bbl, or an increase of 1386 bbl. per day 
over 1939. At the end of the year only six 
refineries were still operating. 

Storage-—The oil in storage decreased 
572,942 bbl.; from 2,578,597 to 2,005,655 
bbl. The total storage capacity at the end 
of the year was 15,560,500 barrels. 


New Developments——The Stinnett pool, 


in western Hutchinson County, was ex- 
tended one mile west and gives promise of 
having a more productive formation than 
in the larger portion of the remainder of 
this pool. The extension should add about 
500 acres to the proven area. An attempt 
was made to open up a new pool about 6 


miles northwest of Stinnett, but the couple | 
of fair producing wells brought in are a far — 


cry from indicating a pool. No other new 
pools were opened, but the drilling of 
several marginal leases more clearly out- 


TABLE 1.—(Continued) 


Total Gas Producti Oil-produc- Dearvoir 
: Millions oe Number of Oil and/or Gas Wells ban lary. Pressure, Lb. Character of Oil 
of 1940 
During 1940 End of 1949 | Number of 
; Gravity | gulphi 
fy °o phur, 
Z| fiom | “or | 32 |g |e [Bele | “or, | ao 
zs | 3 § |§A| 5 3 Weighted 

; az | 2 | 2 (eal ds | 23 ine 

2 : 
ed oF Ss = |ea| ES z 

1 963 113 4 y 495 341 39 0.06 

2 2,580 173 24 y 2,019 230 39 0.04 

3 1 0 0 y 0 

4 4 0 0 y 4 

5 2,679 237 24 y 1,464 353 35 0.08 

6 421 40 2 y 21 380 31 0.08 

7 54 0 0 y 44 y u 

8 4 1 0 y 0 

9 768 21 6 y 368 343 37 0.04 
10] 9,367,256 670,435 60 4,367 
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lined the already fairly well defined edges 
of the Panhandle oil field. 

The ITIO Bryant No. 1 well was an 
unsuccessful attempt to uncover pre-Penn- 
sylvanian production in the western end 
of the Anadarko Basin. This was the second 
well drilled on the ITIO structure in south- 
west Sherman County. The total depth was 
5138 ft., ending in red granite after having 
penetrated approximately 300 ft. Mississip- 
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pian and approximately 700 ft. Ordovician. 
The well was finally completed for 33 
million cu. ft. of gas producing at the 
Permo-Pennsylvanian contact. 
Wildcats.—Six wildcats were completed, 
none of which discovered oil or gas in com- 
mercial quantities. They were distributed 
as follows: Childress County, 1; Cottle 
County, 1; Hall, 1; Hansford, 1; Motley, 2. 
The total footage drilled was 35,387 feet. 


TABLE 1.—(Continued) 


Producing Formation Deepest One to End 
Depth, Avg. Ft.2 z 
be B g 
Z Name Age® 2 5 2 Name [eal 
£ 3. | Top Prod. Bottoms |S] 8 s 
- B || Zone — | Prod. Wells |E ss 2 a 
4 a |é B=] § 3 
1 Big Lime series (Wichita) | Perm-Pen Pie 
Granite wash (Cisco) Pen WwW x 3,000 3,040 | 40 | AF | Granite wash (E zone) y 
2 ee Lime series (Wichita) | Perm-Pen , es A 3,100 3,150 | 50 7 AF 
Granite wash (Cisco) Pen W a 2,850 2,880 | 30 | AF | Granite wash (E zone) y 
3 1 Big Lime series (Wichita) | Perm-Pen > - A, 
Granite wash (Cisco) Pen Ww x fu} a | 2 | AF’ | Big Lime series (Wich- 3,311 
; Big Lise series (Waohita) PariePen pe ita 
Granite wash (Cisco) Pen Ww z z x | 2 | AF | Granite wash (E zone) y 
5 | Big Lime series (Wichita) Perm-Pen | L z | 2,800-3,200 | 2,840-3,240 | 40 | AF | Arbuckle 5,333 
6 Big Lime series (Wichita) | Perm-Pen | D 
Granite wash (Cisco) Gw x 3,400 z| a | AF} Arbuckle 8,013 
7 Big Lime series (Wichita) | Perm-Pen | D . 
Granite wash (Cisco) GW x x a | 2 | AF | Granite wash (E Zone) y 
8 | Big Lime series (Wichita) Perm-Pen | D z £ a| 2|AF Be ae series (Wich- y 
i 
Big Lime series (Wichita) D 
? { Grenite wash (Cisco) .. Gw z 2,400 2,430 | 30 | AF | Arbuckle 2,057 
10 
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2 Depths refer to sands only. 


Development along Fault Zone of South Central Texas in 1940 


By Wiritam H. Spice, Jr.,* MemBer A.I.M.E. 


Tue fault zone of south central Texas 
showed renewed activity during 1940 along 
a trend roughly paralleling the old estab- 
lished Balcones fault-line group of produc- 
ing fields. This was a result of the new 
discoveries in the Wilcox (Eocene) forma- 
tion in southeastern Texas and Louisiana. 
As of the end of the year, one new field 
producing from the Wilcox formation had 
been discovered on the Washburn ranch 
in La Salle County, along the southwestern 
limits of the district, and several projected 
tests into that formation were under way. 

In the western part of the district, par- 
ticularly in the part of the Rio Grande 
embayment that is in Dimmit, Webb and 
Zavala Counties, there has been renewed 
leasing activity with the shallower sands 
in the Navarro-Taylor formations (Upper 
Cretaceous) as the objective in several 
projected tests for the early part of 1941. 

Three new fields have been discovered 
along the old fault-line trend, but these 
have been comparatively small, producing 
either from Dale lime, Austin chalk or 
Buda lime. No new fields were discovered 
during the year in the Edwards (Lower 
Cretaceous) lime horizon. 

Approximately 260 wells were drilled 
in the district during 1940, which resulted 
in four new oil fields. Twenty-seven 
new wells were completed in the proven 
Edwards lime fields of Darst Creek, 
Luling and Salt Flat and seven were 
added to production in the Pearsall field. 
Approximately 160 wells in 18 counties 


were completed as failures during the year. 
Manuscript received at the office of the Institute 


April 22, 1941. ~ 
* Consulting Geologist, San Antonio, Texas. 


The district produced 7,659,634 bbl. 
during 1940, which was a g per cent 
decrease under production for 1939. In 
all, 3559 wells were producing at the end 
of 1940, compared with 3562 wells produc- 
ing at the end of the previous year; 104 
new producing wells were completed and 
163 wells were abandoned in the producing 
fields of the district. 

During 1940 considerable exploratory 
work was carried on along the Wilcox trend 
within the district, particularly by major 
companies employing various types of 
geophysical methods, and leasing activity 
increased considerably. At the end of 
the year, the total number of acres of 
nonproducing leases held by major com- 
panies in the district increased about 10 per 
cent. It is anticipated that this activity 
will continue into the first part of 1941 
and will be supplemented by several 
exploratory test wells. 


NEw FIELps 


Bee Creek, Caldwell County—R. R. 
Ogden No. 2 Talley, discovery well of the 
Bee Creek field, in the northeastern part 
of Caldwell County, was completed on 
March 16, 1940, in Dale lime from 2091 
to 2238 ft., pumping 85 bbl. per day, 
39° A.P.I. gravity. The discovery of this 
field can be credited to a combination of 
subsurface geology and magnetometer 
work, which indicated the presence of a 
serpentine intrusion. At the end of the year, 
13 producing oil wells had been completed 
and the field has produced a total of 
47,050 barrels. 
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> Footnotes to column heads 
1 Abandoned 1940. 
2 Gas and distillate. 


explanation of symbols are given on page 256. 
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TABLE 1.—Oil and Gas Production in Fault Zone of South Central Texas 
ree Oil-pro- 
Area Proved, Total Oil Pro- | Number of Oil and/or Gas ee 
Acres Production, Bbl. |duction, Wells ae a ae 
Millions nd o 
Cu. Ft 1940 
; iy During Number 
Field, County 1940 | End of 1940 of Wells 
he iS} 
8 SS . : es ba 
g bs “ » | ToEnd | During | During] 3S |'3 |B |e =| oo 
3 | OT |S | oriogo | 1940 | todo |S Ste leslie |2 | ola 
Z 38 a2 le(sleels. (e.| 212 
ql Efe BS | 2/2 Bal 2a [ea] § | 88 
4 ca OF 1S | [621 G° |EOl es | BA 
RiwAlte Vista, Berar... .i.005<<6. 1912 300 0 120,756 5,989 37| 0} 2 0| 33} 0] 0 33 
2) Bee Creek, Caldwell. .../1940 160 0 47,050) 47,050 16) 13) 3 0 13) 0 2 il 
3} Branyon, Caldwell............. 1930 900 0| 2,485,066] 346,520 185) 1) 7) 2) 151) 0 0 151 
4| Buchanan, Caldwell............ 1928 250 0 402,280] 33,142 41; 0} 10 1 28) 0 0 28 
5| Burdette Wells, Caldwell....... 1936 200 0 57,117 3,646 12} O| 4 1 2) 0 0 2 
6| Byersville, Williamson......... 1933 370 0 524,815] 27,169 47; 1) 4 0 36} 0 0 36 
mieCarroll, Bastrop. sonics. cass 0s 1932 100 0 101,547 4,926 OO}, 0 a0 0 7 
8] Cedar Creek, Bastrop.......... 1932 100 0 275,157| 16,438 13) 1) -2 0 10} 0 0 10 
9| Chapman, Williamson......... 1928 450 0| 4,288,033} 67,568 70} 0}; O 1 69} 0 0 69 
10} Chicon Lake, Medina.......... 1920 350 0 62,603} 14,897 66] 15) 1 0 65} 0 0 65 
11} Chriesman, Burleson...........|1938 10 0 19,310 3,585 1] 0} O 1 0/0!) 0 0 
Te Dale. Caldwell...ct ss. 05. 0>- 1927 260 0} 1,470,546} ( 58,274 55/ 1| 3 1 sil 0 0 Al 
13] Dale, West, Caldwell........... 1937 240 0 18,339 
14| Dale, North, Caldwell.......... 1932 320 0 27,681 12) 0) 5 0 6) 0 0 6 
15| Darst Creek, Guadalupe........ 1928 | 1,920 0 | 48,709,001)2,135,594 357| 12] 13 0) 345) 0 9 336 
16] Darst Creek Extension, Guada- 
: MIP aiden is waste ate etecie 1935 200 0 365,731) 31,322 tL) 0} 0 0 8} 0 0 8 
17| Day Field, Guadalupe.......... 1940 20 0 575 575 22) 0 1 fi Of) 56) 1 
18] Dunlap, Caldwell.............. 1930 120 0 341,667) 18,567 14; 0} 0 1 10) 0] 0 10 
19] Dunlay, Meding............... 1938 30 0 1,988 0 1) 0; 0 1 0; 0}; 0 9 
20) Eckert, Berar.............00+- 1927 850 0 881,968} 34,609 121} 0} 11 0} 108} 0} 0 108 
21} Elm Creek, Guadalupe......... 1939 350 0 6,301 6,301 31} 18} 13 2 16} 0 1 15 
22} Gas Ridge, Berar.............. 1912 100} 150 71,117 3,172 89 89} 7] 3 3 21) 62 0 21 
23) Hilbig, Bastrop................ 1932 260 0} 1,551,476} 72,109 12), 0) 0] 0 12) 0} 12 0 
24) Jones, Bexar .o.c. cc. seve eee es 1921 20 0 2,151 505 Siea0]r (Oe Oo 3} 0; 0 3 
25| Kimbro, Travis... 1935 40 0 3,469 194 4; 0) O 0 4; 0 0 4 
26] La Coste, Bexar... .|1939 40 10 2,905 920 BT On 2 dy OO 1 
27| Larremore, Caldwell... 11927 80 0 324,860] 17,762 137, 01.1 0 12) 0) )--0 12 
28\)\Lone. Oak, Berar.............- 1934 10 0 4,485 36 i 0} 60}. 0 LH O10 1 
29| Lytton Springs, Caldwell....... 1925 | 1,360 0| 8,489,053} 104,949 157) 0} 13 4) 189} 0} 0 139 
30} Luling, Caldwell, Guadalupe..... 1921 | 2,200 15 | 74,899,894|2,345,353 606) 6) 7 5) 583) 3 0 583 
SUIS iit EEN Or Ca oe i 1935 40 0 24,385 1,914 3) 0} 1 1 SOC 0 1 
32} Manford, Guadalupe........... 1929 40 0 401,698 5,930 li 0; 0] O 1) 01 0 
33| Minerva-Rockdale, Milam..... 1921 | 4,250 0} 3,600,516] 75,666 414) 6! 6} 0} 3892} 0} O]| 3892 
34] Nash Creek, Guadalupe........ 1936 10 0 46,535 352 1} 0} O} 1 0} 0; 0 0 
Bb inpearsall, NTOisiec osc vcs oe. 1933 800 0] 1,202,128) 213,012 27) 7) O 2 25) 0] ll 14 
BOP HUGOp PBELAN. <a esclyciem ieee «- 1938 40 0 6,583 2,885 Shim Ol 3 3} 0} 0 3 
37| Red Rock, Bastrop............ 19391 35 0 2,169 0 3) 0} 3 0 0; 0; 0 0 
38] Riddle, Bastrop,.......:.0..+++ 1938 50 0 61,115} 16,824 Me Ole 2)" 73: 2) 0 0 2 
39] Salt Flat, Caldwell............. 1928 | 1,300 0 | 41,265,198/1,555,291 298] 9) 6] 12] 278) 0 2 276 
40| Somerset, Atascosa, Bexar..... . 1912 | 11,390 0 | 10,784,928} 197,978 915} 0) 28 7| 872) 0 0 872 
41| Southton-Yturria, Berar....... 1921 650 0 653,538} 18,091 103; 0} 6 0 94) 0 0 94 
42) Spiller, Guadalupe............. 1938 30 0 12,935 4,660 6; 0} 0 0 3] 0 0 3 
43| Taylor-Ina, Medina........... 1922 380 0 152,960 3,190 IG se HET) fees 7 0:40 7 
44] Tenney Creek, Caldwell........ 1940 10 0 4,188 4,188 2) 2) Oo} 0 2 0 2 0 
45| Thrall, Williamson............ 475 0| 2,460,426) 28,098 27) 01 6 1 19) 0} O 19 
46| Walnut Creek, Caldwell. . a 50 0 487 000 a20) 2 1 0} 0 0 0 
47| Washburn, La Salle.... sf 20 0 3,334 3,334 BH TL 1] 0 0 1 
48} Von Ormy, Berar............. 650 0 237,858} 37,087 108} 0} 0 1} 106) 0 0 106 
AGH Y OSb a BASOD a Mecianrsare da ales 120 0 911,568) 12,827 Gi erO} Ll ot 4, 0} 0 4 
Zoboroski, Guadalupe.......... 180 0 209,956} 20,918 21) 0) 0} 0) 2 14/0 | 0 14 
Gas ONLY 
Adams (Medina), Medina 0} 2,000 0 0} 109 58} 0} O| 0 0} 13 | 0 0 
Chittim, Maverick............. 1929 0} 1002 51,531) 10,197} 1,093 19} Ol" Of 1 0} 4] 0 0 
Otalsenn tee Ata eee chs 32,130] 2,275 |207,560,952|7,689,634! 1,291 | 4,039/1041163| 61/3,559! 82 | 39 13,520 
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TABLE 1.—(Continued) 


Reser- 
i 1 in i ae ; Deepest Zone Tested 
Pres ( ea ~ Producing Formation to End of 1940 
sure, | % 
Lb. fo 
r 
oe In S i Depth, Avg. Ft.) _ 
Moe fa is = 1% 
I e-t} y oO : 
# 5 <5 g a Name 3 8 es ge 4. 2 Name wf 
2\ a | B ees) 2° , || 2 | 681 SE GHz 33 
a] 2 | § E54) Ze » la] 2) se | ak eee i 
"i 35.0 38 IN id CreU S | 15-20 220) 250 20| F | Trinity sand | 4,535 
2 : 39 : Daailite pertaatied CreU LP | Por 2,050|2,240 y|Intn| Austin chalk | 2,250 
3 y 37 0.8 — chalk, Edwards] CreU L | Por 1,816|2,275 u| F | Edwards lime} 2,450 
4 y 36 0.2 Heoraktoin CreU P 12 1,750|2,075 y|Intn| Edwards lime} 2,483 
5| 200 32 0.8 | Edwards lime CreL L | Crev 2,210|2,235 15| F | Edwards lime} 2,420 
6 y| RP | 37 0.2 | Serpentine CreU P| 20 850} 900 y|Intn} Edwards lime} 2,000 
7 y 36 0 Serpentine CreU P | 12 2,300|2,378 78|Intn| Edwards lime | 2,919 
8} 100 35 0.2 | Serpentine CreU P | 15-20} 1,650/1,700 50|Intn| Edwards lime | 2,300 
9| 400 a 0.2 | Serpentine ' — : be _— _ _ oylke ce os 
1 2 0.1 |N: e wal e| 1, 
maa 34:3) “yieh|Rawands tae CreU L | Por | 6,167|6,182 | y| F | Edwardslime| 6,340 
12 150 37 0.2 | Dale lime, serpentine | CreU LP}; 45 1,915}2,250 30|Intn} Edwards lime | 2,661 
13 
14 
15] 350 36 0.8 | Edwards lime CreL L | Por 2,650|2,700 30} F | Travis peak | 5,509 
16} 200 33.6 | 0.5 ‘| Austin chalk CreU C | 5-25] 2,375)2,450 100| F | Edwards lime | 3,200 
17 y 36 y fosun chalk, Buda | CreU CL| Por 2,377|2,685 y| F | Edwards lime | 2,830 
me 
18 400 36 0.6 huwia chalk CreU C | Crev 2,375)2,300 15| F | Edwardslime| 2,420 
19 y 21 y Serpentine eU Lid y 542) 714 y|Intn} Austin chalk 851 
20 y 34 0.3 | Navarro sands CreU s 16 620} 790 10} F | Edwards lime} 1,590 
gel yee eed ee nel ene a 
; avarro sands Te Tavis ; 
23 1,240 PM | 37 0.2 pcpeshne : ad fos re or 2,575 50 <3 eed — Het 
24 y y avarro sands re or x zr ime r 
25 : 36.5] y Serpentine CreU P | Por 660} 670 y|Intn| Edwards lime | 1,280 
| 4 [23 | 8.6 |Rdwardstime |Greb |L| 30 | 1aesitais | a6 F [ates cc | #360 
27 f wards lime fi ‘ vis 3,3 
28 4 33.4 | y Navarro-Taylor CreU S | Por 1,480} 1,620 18} F | Edwardslime] 2,250 
del veel | a7 | 0:0. | Bdperde rl | L | 25 | 2100(2200 | 50| Fischer | Fone 
5 : wards lime Re f chis ; 
31 y 34 0.4 | Serpentine CreU P | 15-25 720) 757 2|Intn| Taylor marl 850 
32] 1,250 a o ae halk ta os by aan poae ae : fives so 2,800 
33 y : avarro sands re’ ‘or , slime} 5,000 
34| 340 27 0.8 | Taylor marl CreU SL | Por 2,570/2,585 30| F | Edwards lime | 3,342 
35| 1,500 28 0.4{ ahah CreU | SC| Por | 3,920/5,850 foe \N Travis peak | 10,050 
ails elves Ler alec oelednaws. Ce | L| Por | ylegad | $l & | Rawardet 7 
87 y y e lime ‘or y|2, 7] lime | 2,550 
38 y 39 y Austin chalk, serpen- | CreU CP} Por 1,667|1,747 y| F | Austin chalk | 1,777 
tine 
39} 200 36 0.6 | Edwards lime CreL L 30 2,670|2,740 25| F | Edwardslime | 2,918 
40/ 300 36 1.4 neers and Taylor | CreU SH} 22 1,200)2,100 30| TF | Travis peak 5,311 
sands 
41 Y 32 0.5 | Navarro sands CreU S | 16 600} 800 10| F | Glen Rose 3,850 
42 y 88.3] y Buda lime reL L | Por 2,012}2,298 y| F | Edwards lime! 2,382 
43} oy 18-19 |0.4-0.7| Navarro sands CreU | SH| 15-20|{ 290) 400 | 15) F |\ Edwards | 2,048 
: 940) 960 10} T lime 
44 y 38 y Austin chalk, Buda} CreU & L| CL| Por 2,340/2,703 60} F | Buda lime 2,703 
me 
45| 400 37 0.3 | Serpentine CreU P| 25 700} 1,000 75|Intn| Travis peak 3,290 
46 y 36 v Serpentine CreU P | Por 1,230]1,336 100}Intn| Austin chalk | 1,900 
47 y 41 y Wilcox sands Eoc S | Por 4,860/4,867 7 Navarro 8,300 
48 y 34 0.4 | Navarro sands CreU SH} 10 506] 730 20 i Edwards lime | 2,835 
49] 400 27 0.3 | Serpentine CreU P | 15-25} 1,335)1, 100|Intn| Edwards lime | 2,600 
50} 150 30.4] 0.8 | Austin chalk CreU Cc 10 2,050}2,200 75| F | Edwards lime | 2,600 
51 y a and Taylor | CreU 7] y| F | Edwards lime | 2,289 
52 y 42-44) y Buda, Edwards, Glen y 
Rose CreL y y| A | Travis peak 7,635 
i] 
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Tenney Creek, Caldwell County.—Weig- 
and Brothers No. 1 Hill, discovery well 
of the Tenney Creek field, was completed 
on Aug. 9, 1940, from Austin chalk and 
Buda lime 2340 to 2703 ft., flowing 216 bbl. 
per day, 220-lb. tubing, 700-lb. casing 
pressures, 38° gravity. Credit for discovery 
of this field is due to both surface and sub- 
surface geology in an area along trend to 
the northeast of the Salt Flats fault system. 
At the end of the year, two producing oil 
wells had been completed and the field had 
produced 4188 barrels. 

Day Field, Guadalupe County.—A. J. 
Hollifield (Dees and Freeland) No. 1 
Day, discovery well of the Day field, 
in the extreme eastern corner of Guadalupe 
County, was completed on Feb. 27, 1940, 


from a fault crevice in the Austin chalk and 


Buda lime from 2337 to 2685 ft., pumping 
35 bbl. per day, 37.6° A.P.I. gravity. Sub- 
surface geology from wells drilled in the 
area indicated considerable faulting along 
a southwest trend from the Salt Flats 
fault system. Only one well had been 
successfully completed at the end of the 
year, with a total production of 575 
barrels. 
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Washburn Field, La Salle County.— 
H. R. Cullen (Quintana Petroleum Co.) 
No. 1 Washburn, discovery well of the 
Washburn field, in the east central part 
of La Salle County, was completed on 
Sept. 17, 1940, from sand in the lower 
Wilcox (Eocene) formation from 4860 to 
4867 ft., flowing 114 bbl. per day, 3¢-in. 
choke, 50-lb. tubing, 600-lb. casing pres- 
sures, 41° A.P.I. gravity. Structural condi- 
tions indicating an anticline or nose 
were determined from surface, core-drilling, 
radio beam and seismograph methods. Of 
considerable importance to further develop- 
ment along this trend for lower Wilcox 
production are the shows of gas and oil 
which this well had in sands from 4752 to 
4785 ft., 5060 to 5080 ft. and 5413 to 5430 
ft. At the end of the year, only one well 
had been successfully completed, which 
produced a total of 3334 barrels. 


ACKNOWLEDGMENT 


Acknowledgment is made with thanks 
and appreciation to the various companies 
and individuals for their cooperation and 
help in furnishing many of the data on the 
various fields. 


Oil and Gas Development in South Texas during 1940 


By Micuet T. Harsouty,* MemBer A.I.M.E. 


Tue area for which oil and gas develop- 
ments in South Texas are reported for 1940 
in this paper covers the same counties that 
were included in the reports for 1938 and 
1939, with the addition of LaSalle County. 
LaSalle County is included in the Laredo 
district of South Texas, which totals seven 
counties for that district. The Corpus 
Christi district remains the same, with 
nine counties. The two districts together 
comprise what is known as the South 
Texas area for this report. 

Continued exploration along established 
trends and beyond proven field limits dur- 
ing 1940 provided South Texas with new 
fields and new producing levels at a rate 
of discovery fairly comparable with the 
high records set during recent years. The 
wells drilled in the counties within this 
district (including LaSalle) numbered 1656, 
approximately 8 per cent below the r18o1 
figure of last year. However, rank wildcats 
totaled 336, an increase of 17.5 per cent 
compared to the 286 drilled in 1939. There- 
fore, since new field discoveries numbered 
25 in 1940 against 29 in 1939, the rate of 
new field discoveries in 1940, based upon 
rank wildcats drilled, was 1/13.4 while 
that of 1939 was 1/9.86, which shows a 
decrease of about 25 per cent in the 
rate of new fields. The rank wildcat tests 
in 1940 gave the following results: 18 
produced oil, 4 produced distillate with 
gas, 3 produced only gas, and 311 were dry 
holes (Table 5). Of the 1320 tests drilled 
in already proven fields or as extensions to 

ee received at the office of the Institute 
Feb. 18, 19 


* Oonkulting Geologist and Petroleum Engineer, 
Houston, Texas. 


proven areas (representing a decline of 
12.8 per cent from last year’s total of 1515 
tests), 1048 produced oil or distillate, 60 
produced gas and 212 were dry holes 
(Table 4). Of the producers, 50 found new 


sands or crude-in-distillate-sands in existing 


fields. 
Among the several fields subjected to 
extensive development were: Colorado, Jim 


Hogg County; East White Point, San — 


Patricio and Nueces County; Rincon and 
Sun, Starr County; Glen, Webb and 
Zapata Counties; Wade City and Orange 
Grove, Jim Wells County; Stratton and 


South Clara Driscoll, Nueces County, and © 


Aransas Pass, San Patricio and Aransas 
Counties. 


‘ : 

The development of important crude 
reserves on structures formerly considered — 
primarily distillate fields has probably — 


been the most important phase of the year’s — 


operations in South Texas. The Rincon, 
Stratton, Agua Dulce, Wade City, Odem 


met tts 


and Robston fields provided the new crude — 


sand discoveries. At some places crude 
production was opened by exploratory wells 
that found new sand horizons; in others 
by flank wells that found already dis- 
covered distillate sands sufficiently low to 
provide crude production. Rincon, Starr 
County, with its multiple sands, is now 
believed to be one of South Texas’ largest 
crude-oil reserves. 


Offshore drilling showed important re- — 


sults during the year, including the dis- 
covery of two new submerged fields and 
the extension of the East White Point field 


te ee den ing we ipl. 


he 


into offshore Nueces County. The new _ 


marine fields are: East Flour Bluff, 
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TABLE 1.—Oil and Gas Production in South Texas 
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: ; Oil-pro- 
Area Proved, Total Oil Production, Number of Oil and/or duction 
Acres Bbl. Gas Wells Methods, 
End of 1940 
Dur- 
: F Number of 
Field, County 194) End of 1940 Wells 
Lat . 
g Oil Gaso | ToEndof| During | 8Q 
q Waa 73 1940 140 | BS | y @ E wo {se y. 
Z 38 Brey || ee IIS) [ial hist elie || 
: 32 ge | 2 | ge |ee(83] & [Se 
a SA S# 1S | Sa | EOlEO| & | aA 
titAdami, Webbs. tact.a... 3. 1939 400 10 245,994 233,142 72 53 41 67] 0 0 67 
2} Agua Dulce,! Nueces......... 1928 300} 9,7502 847,562 127,946 114 18 19 5) 742 4 1 
3| East Agua Dulce, Nueces... . 1940 0 208 500 500 1 1 0 oO} 13 
4) Albercas, Weep inet tes 1927 250 200 2,516,082 16,011 100 0 vi 16) 0 0} 16 
5| Alfred,4 Jim Wells........... 1988 400 0 200,970 113,217 20 13 1 19] 0 17 
6] Alice, Jim Wells............. 1938] 1,280 4003 2,016,975 617,657 74 0 15 55) 28 52 
7| East Alice (Tom Graham), 
UAMUWells ios en ka tans 1938 750 3603 805,694 475,311 46 3 tf 36} 238 34 
8} Alta Mesa, Brooks........... 1926 420 743,616 259,557 30 0 2 21; 1 1 20 
9| Alta Verde, Brooks...........|1936 100 60 30,617 541 6 0 2 0} 0 0 0 
10} Alworth,’ Jim Hogg.......... 1926 80} 570 27,793 0 16 0 0 a!) 0 0 
11] Andrews, Zapata............ 1924 0} 2,000 Gas 0 12 0 12 0} 0 0 0 
12] Angelita, San Patricio........ 1934 60 0 36,798 742 3 0 2 0} 0 0 0 
13} Aransas (gas), San Patricio. . .|1931 0| 760 Gas Gas 19 O}- 17y 0) 2 
14| Aransas Pass (McCampbell), 
San Patricio and Aransas...|1936} 3,200 4503 8,663,956 | 3,047,988 358] 66) 48] 275) 223) 225) 50 
15| Armagosa, Jim Wells......... 1931 0 400 Gas Gas 6 0 1 0} 5 
16] Arroyo Grande, Starr........ 1924 0 320 Gas Gas 8 1 1 0; 0 
17| Aviator, Webb,.............. 1922 955 320 5,982,120 100,634 216 0 12 73) 0 0 73 
18] Baffins Bay, Kleburg...... ...|1940 20 0 5,610 5,610 1 1 0 1] 0 1 0 
19] Baldwin (South Saxet), Newces|1935 270 40 761,501 81,723 9 0 0 flee 0 8 
20| Bandera, Jim Wells.......... 1938 0 403 1,987 488 1 0 1 0} 0 
21) Barbacoas, Starr............. 1933 80 580 35,073 1,699 14 1 1 2) 0 i) 1 
22| Benavides (North Sweden), } 
PGE coe oa anne. winaiaye «icles 1937 9,057,610 | 1,901,715 


6 Footnotes to column heads and explanation of symbols are given on page 256. 
1 Includes North Agua Dulce. 
2 Gas, or distillate and gas. 

3 Distillate and gas. 

4 Includes West Alfred. 

5 Depleted. 
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TABLE 1.—(Continued) 


= ca Deepest Zone 
voir , 
Pressure, ser legs Producing Formation Tested to End 
Lb. per oO of 1940 
Sq. In. 
Repres- 
suring ne 
e vg. 
ton | Sey ——_\y | 
x Pl. a to Tale 
S | Initial 60°F., Name “a | E z Name 5 
Wie ioe lz | ae del 2 = 
5 verage 3 2 iol £3 lks| = as 
: 3 lz] & [88/32 [sel z BS 
3 2 |5 & aS] go |2<) 3 Qa 
1 20.8 | Mirando Eoe |S Por 975|1,000 | 7 ML | Yegua 1,5179 
Gas__| Catahoula Olig |S 1,998|2,400 |10 
800 Frio Olig |S # 4,675 | 9 
1,650 35.4-59 ne 3 (Ave) ret pated - 
1,750 56 rio 1g VE. 5 A { 
2| — 1}00| 7 PM  |37.5-59.7| Frio Olig |8|? © 30° §|5,295/5,307 j1o |¢ DF | Yeeua 13,7285 
2,000 42.6-56 | Frio Olig |S 5,575|5,700 |15 
2,500 5. Frio Olig |S 6,615|6,740 {15 
1,750 39.8-50.9] Frio Olig |S 6,800/6,938 |15 , 
3 2,450 Frio Olig |S Por 7,200|7,220 |20 DF | Vicksburg 7,503 
4 600 20.4 | Cole - 3 . Por ae be | MF | Yegua 3,710% : 
5 125 44.7 | Frio 1g , , 
835 41.5 | Vicksburg Ole [S| f 30-35 {|$eeola’sas [15 | f MF | Jackson 5,745 
1,350 42 Frio ig |S 28.7 | 3,480/3,600 |16 
50 38.9 | Frio oe : oe here He 
6 1,900 40 Frio ‘or , 
PM<| 44.8 | Frio Olig |S} Por | 5,211|5,223 |12 |? | Cockfield | 7,335 
900 44-60 | Vicksburg Olig |S Por 5,350|5,375 |20 
1,200 43.6 | Vicksburg Olig |S Por 5,450|5,576 |20 
‘| Pan ge ii) Fe ee i | 
800 54 Frio g ‘or 5 , ; 
1,500 me} 56_| Frio S| Por . |5,125/6,175 |12 |¢A | Vicksburg | 5,760% 
1,200 42.6-56 | Vicksburg Olig |S Por 5,300/5,400 |18 a 
Hi a ee sess ae ca | 
8 500 24.5 | Catahoula ig or B R j 
175 24 | Catahoula Olig|S| Por | 3,000|3,025 [10 |¢P | Jackson 8,022 
575 25.5 | Catahoula Olig |S Por 3,550)3,585 |20 
9 100 21.5 | Caprock Mio |S Por 916} 926 |10 DS | Yegua 5,096 
10 21 Upper Jackson Eoc |S Por 1,020/1,030 | 6 ML | Jackson 2,199 
11 Gas McElroy Eoc |S Por 1,510/1,515 | 5 MF | Yegua 2,312 j 
12 1,550 38 Frio Olig |S Por 5,370)5,382 |10 \ NF | Frio 7131 
Pump 36 Frio Olig |S Por —_| 6,225/6,235 10 3 “"s 
13 1,480 Gas | Catahoula Olig |S Por —_|3,653 |3,663 |10 D | Frio 6,026 
2,250 49.3 | Marginulina Olig |S 6,539/6,554 [15 
hace Pata Be Geel as Slee 
,700 : rio ig : : : i 
2'500 41.2 | Frio Olig {8} 7 25-84 | z'a00/7/270 |15 | (AF | Frio 9,492 
2,300 58 Frio Olig |S 7,345|7,419 {15 
2,600 56 Frio Olig |S 7,454|7,461 | 7 
15 Gas Discorbis-Het. Olig |S Por 2,170|2,200 |10 D_ | Yegua 6,315. 
Jackson Eoc |S Por 435] 450 | 8 
16 Gas Cook Mt. Koc |S Por 2,120/2,161 |12 MF | Carrizo 4,015 
Mt. Selman Eoc |S Por 3,208]/3,214 | 6 
17 21 Mirando Eoe |S Por 1,525/1,660 |11 MF | Cook Mt. 3,975 
18 1,225 39.3 | Frio | Olig |S Por 7,394|7,450 |10 A | Frio 9,428 
Gas Oakville Mio |S Por 3,230/3,250 |12 
19 225 25.9 | Catahoula Olig |S Por 3,874/3,880 | 6 AF | Frio 6,610. 
23.3 | Catahoula Olig | 8 Por 4,050/4,074 |12 
20 3,550 as, Dist.| Jackson Eoc |S Por 6,408/6,416 | 8 Yegua 8,302 
Gas | Catahoula Olig {S| Por 685] ‘715 |10 
21 24.9-Gas | Frio Olig |S Por 2,450/2,950 |15 Yegua 6,567 
2,200 58 Cockfield Eoc |S Por 5,376|5,398 |22 
1,600 41.8 | Cole Eoc |S Por 3,840|3,975 |22 
a a ne at — : Hs eo rear 15 
; pper Govt. We oc ‘or ,730/4,755 |20 © 
221¢ 750 442 |Lower Govt. Wells  |Boc |S| Por | 4'755/4'830. (25 Yegua 6,510 
400 39.6-60 | Pettus Eoe |S Por 5,310|5,382 |22 
190 45 Cockfield Koe |S Por 5,486|5,518 |17 


Nort: S$ = Soft sand. 
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11 Includes South Clara Driscoll. 
12 Includes Kast Brun. 


Oil-pro- 
Area Proved, Total Oil Production, Number of Oil and/or dition 
Acres Bbl. Gas Wells Methods, 
End of 1940 
Field, County ne | End of 1940 | Number of 
4 1940 Wells 
w 
Oil s> | ToEndof | During | 8S 
q ei gsi ele 1940 140 | 32 |g q al goto 
Z = e/a | e6|2 2 | 2 |z 
& ae Be | 2 | es |Selee] 8 Ss 
4A ia s) RN EAs eg pd | ee eae 
23] Ben Bolt, Jim Wells......... 1939} 1,900 40 837,354 739,252 52 28 2 50} 0 50 0 
24) Bird Island, Kleburg......... 1938 40 80 23,823 15,457 3 1 2 1] 0 1 0 
25) Blas Uribe, Zapata.......... 1934 0 80 Gas 3 0 1 0} 0 
26) Blucher, Jim Wells.......... 1939 0 403 3,461 1,220 1 0 1 0| 0 
BTIMB OVC: SLAIN so. oly sale clacton Lely 1940 160 0 24,699 24,699 8 8 0 8| 0 8 0 
28| Bridwell, Duval.............. 1940 100 20 12,394 12,394 5 5 0 5} 0 5 0 
29] Calliham,® McMullen........ 1918 500 730 880,857 59,431 141 4 12 61) 0 0 61 
30] Camada, Jim Wells..........|1939 40 0 3,815 1,525 2 0 1 1] 0 1 0 
31) Campana, McMullen......... 1938 10 0 y 350 1 0 0 Liord 0 Ay 
32| Captain Lucey, Jim Wells... .|1932 120 520 483,524 36,104 22 0 4 5] 12 4 1 
33] Carolina-Texas, Webb........ 1921 110} 1,4602 264,752 3,805 66 1 10 ig) 0 1 
34] Casa Blanca,® Duval......... 1938 400 100 344,551 110,380 47 9 8 37| 2 2 35 
35] Casa Blanca, North, Duval... |1939 100 0 59,789 32,044 9 0 0 9} 0 il 8 
36] Cedro Hill, Duval........... 1938 660 60 243,690 192,895 73 51 12 60] 1 21 39 
37| Chapman Ranch, Nueces.... . 1937 50 408 43,782 1,000y 2 0 1 0; 13 0 0 
38] Charamousca,!) Duval........ 1935 250 0 459,830 136,053 23 1 4 16} 0 O} 16 
39| Charco Redondo, Zapata... .. 1913 570 60 190,058 4,894 | 328 0 15 46] 0 0 46 
40] Chiltipin, Duval............. 1939 60 20 14,109 9,488 4 it 3 1} 0 iu 0 
41] Clara Driscoll,!! Nueces... ... 1935} 2,200 3002 3,087,696 981,029 137} 35) 15] 114] 62] -87| 27 
42) Clark-Muil, Jim Wells....... 1939 100 80 41,170 23,127 8 1 4 3] 1 3 0 
43| Clopton-Green, Starr......... 1937 0 10 Gas 0 1 0 0 0| 0 
Cole Group, Duval, Webb..... 
44 aR atte aiesieaaaiiecnt 1924 0} 7,000 Gas Gas 107 2 23 0} 64 
\ 
45 Oommen ees in ctesicstere 1927| 2,300} 2,200 9,797,331 | 1,324,966 274 i 15 223] 18 0} 223 
46 Cole: Westenccs qudcnitss 1927 500} 1,000 4,430,096 212,159 126 7 10 69) 5 0 69 
47 UB U2) Ae erat chess ees 1934 880 160 2,767,866 90,819 62 2 18 24) 2 1 23 
48] Colmena, Duval............- 1934 240 400 395,457 65,523 36 0 5 24| I 4) 20 
49 Colorado, Jim Hogg.......... 1936) 1,100 20 984,183 784,741 117 98 6 111} 0 102 9 
50| Comitas (Haynes), Zapata... .|1934 750 40 1,529,128 229,770 196 5 20 146} 0 0} 146 
a Na a a Ee ee ee ee 
6 Includes South Calliham. 
8 Includes West Casa Blanca. 
10 Includes §.R.C. 
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Pane: aes = 
Sed Tested to En 
Pressure, beeps Producing Formation heer a 
Lb. per 
8q. In, 
panties Depth, 
Once Avg. Ft 
Opera | Gravity : 
’ A.P.I. at - a wie 
Initial 60°F., Name Be 3g > Bs 
4 i & o+ o pay 
EI Weighted 5 3 ae ge) om 
z Average 4 z 3 Ke Ey ie 3 ag 
& Srl = Oty 
5 26|_ & jes|s*i*) a | hee 
30 ‘| Frio Olig |S} Por | 4,863/4,875 |12 
al a) | BIR ae |8] Bs BIR Ti ba Janae | a 
i Olig |S} Por ‘| 5,370|5,501 |15 f 
24 rhea rey he ne Olig S| Por | 7,200|7,310 |80 AF Frio pe 
25 : Gas | Jackson Eoc |S} Por —_‘| 1,825/1,840 |15 | M egua 3,000 
26 600 54 Vicksburg Olig |S Por 7,500|7,560 |20 A | Vicksburg F 
ee 47.7 Frio te ° Ls tn Soe 4 baw Jackson 4,503 
aa|* t75 43.6. | Pettus Boe [S| Por | 4'292 4327 10 |MF)| Yegua 4,657 
le-Hock.? Eoe |$| Por 780 
29 ane oe Wells-Pettus? Eoe |S Por 1,030}1,060 |10 MF | Carrizo 5,301 
rigs [race fee 8 Por sear sea 0 ML | Yegua 7,041 
31 40 iy ae ae Toe S| Por | 2'49212'517 20 MF | Pettus 3,102 
iat 3,893/4,000 
321) ap0 a, Re Gis |2) Bor | Eeeele ere lan bar Sackion 6,500 
725 41.4 | Vicksburg Olig : ye pe ed re ‘ 
( * Gas Meblroy Boe |S} Por | 1'80012'200 [6s 
Eoc |S} Por | 2,597|2,615 |10 | DF | Mt. Selman | 5,474 
a7 Saag Boe [S| Por | 2'947/3198. |50 
) 1,625 O00 Geeen City Eoc |S| Por __ | 4,996|5,056 |60 
‘ 4/1,006 |10 
4 {| t9:f | Cole Hoe {S| Por | 1,480/1"190 [10 |} ML | Jackson | 2,212 
35 20. | Cal Boc |S} Por __ | 1'03011'059 | 9 | ML | Jackson 1,788 
36 19.2 | Cole Eoc |S} Por _| 1,436/1,480 110 | ML | Jackson 2,530 
37|{ 835 eit bes ites Ole [S| Por [esodlerasa (20 |} ML | Frio 7012 
625 41.8 TiO ’ ij 5 F 
38 20 Upper Hockleyensis Eoc |S Por her i MF | Cook Mt. 3,892 
75 19.8 | McElroy - 7 ‘e rH aa : ; 
4 cere eae Boe |S] Por | _ 980) 995 | 5 |§ ML | Yeeua 8,010 
40 1,440 49.6 | Pettus Eoc |S Por 4,760|4,795 {10 MF | Yegua 5,054 
“|S [amen Jigs) me RU 
31. rio ig , : 
41 37.3 | Frio Clig |S] For | 4:986)5.183 115 |S DF | Vicksburg | 8,194 
2,150 34. 2-36.6) Frio Olig |S Por f z - 
io Ofes | Fro Ole |8| Por | easziee6o {0 
1,400 ay Frio Olig S| Por | 4,795/4,835. |20 
? 2 | Vicksb Olig}S| Por ‘| 5,326/5,330 | 4 |+N | Vicksburg | 5,850 
- 1,750 8° Vicksburg Olig S| Por =‘ |.5,557|5,572 12 ; 
43 425 Gas Cole Eoc |S Por 1,604/1,614 |10 re eee ea88 
: cs |B eue|g) Be |aMRh SH He |} [aw | oan 
Gad sh] Aten Hoc |S| Por ‘| 2,314]2/450 |10 A | Queen City | 5,087 
= 29.4 | Caddell-Cockfield Hoe,|S) Bor | 2,760)2.945.|15 
21 irando oc F ‘ : 2 
900 k egua oc F ’ 
38.5-42.4] Yegua Eoc |S Por 8,400/3,450 |14 ‘A \soileax 10,295 
47 450 44 | Cook Mt. Boo |$] Por 3.938}8.973 15 
i ‘or i i 
48 ie is 9 aa Mel Foe 8 Por 1,486]1,553 19 ML | Yegua 3,396 
49 47.2 | Cockfield Eoc |S} Por —_|3,000|3,050 |10 | ML | Yegua 3,202 
50 20.6 | McElroy Eoc |S Por 800}1,000 |10 ML | Cook Mt. 3,502 
7In Calliham, 


9 In West Casa Blanca. 
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Oil-pro- 
Area Proved, Total Oil Production, Number of Oil and/or action 
Acres Bbl. Gas Wells Methods, 
End of 1940 
Dur- 
Fj : Number of 
ield, County ae End of 1940 Wells 
xt 
5 Oil » | ToEndof} During | 89 
q eS ace 1940 140 | BS] yl EE le |x 
z| ae BE | 2 | sa |Sslsa| & |e 
4 a tN ren? Wen jer ee ht 
51| Conoco Driscoll, Duval....... 1924 1,020 980 2,945,595 856,443 80 16 5 54| 3 46 8 
52] Corpus Christi (Saxet Heights) 

UN CLOT sion to ee 1935} 1,500 200 6,744,059 223,834 252 ni 90y 33] 3 23 10 
53] Crowther,5 McMullen........ 1915 80 0 25,000 0 23 0 0 0} Oo 0 0 
54! Cuellar, Zapata.............. 1927 340} 220 2,593,701 28,508 86 0 6 24) 2 0} 24 
55) Eagle Hill, Duval............ 1933 550} 200 1,215,762 198,247 61 0 3 50| 4 3) 47 
56) Edinburg, Hidalgo........... 1935 20 0 500 0 1 0 0 0} 0 (0) ee) 
57| El Mesquite, Dutal.......... 1935 10 0 976 0 1 0 0 0; 0 0 0 
58] El Tanque (South Ricaby), 

Stains Mesene dots acest 1937 280 30 360,211 79,451 22 2 4 16) 0 2 14 
59] Hscobas-Jennings, Zapata....|1914] 3,700} 2,000 9,183,733 811,846 535} 16) 15) 393) 4 0) +393 
60] Ezzell, McMullen, LiveOak...|1937| 1,450 100 2,158,000 438,130 149 1 4 143) 0 0} 143 
61| Fitzsimmons, Duval.......... 1938 790 0 1,762,627 734,246 79 2 1 78| 0 165 3 
62] Fitzsimmons, Hast, Duval... .|1940 10 0 600 600 i a 0 1) 0 0 1 
63] Flour Bluff, Nueces.......... 1936] 2,280} 3202 5,882,104 | 1,107,807 116 0 8) 107). 1 91) 16 
64! Flour Bluff, East, Nueces... . |1940 400 0 500 500 10 10 0 10} 0 10 0 
65] Gallagher, Jim Wells......... 1940 60 0 26,173 26,178 3 3 0 3} 0 3 0 
66] Glen, Webb, Zapata.......... 1940 450 30 109,276 109,276 48 48 3 45) 0 16 29 
67| Government Wells, Duval... .|1928} 7,500 600 45,174,799 | 3,495,287 830 J 60 666) 5 16] 650 
68] Guerra (Cuevitas), Sfarr..... 1933 400 400 1,112,672 158,689 21 0 6 13] 0 9 4 
69) Hayden, Starr.............. 1937 0 40 Gas Gas 2 1 il 0; -0 
70| Henne-Winch-Farris, 

Riumablnggecce cad ecco. ee 1924 720} 440 3,212,257 1,230 181 0 0 1; 0 0 1 
71| Henshaw, Jim Wells......... 1940 20 20 5,182 5,182 2 2 t 1) 0 1 0 
72| Hoffman, Duval...........-. 1933} 3,300 500 5,352,424 | 1,885,420 365) 385] 23 | 327) 5 10} 317 
73| Holbein, Jim Hogg.........- 1940 10 0 2,591 2,591 1 1 0 T20: 1 0 
74| Holland-Hebbronville (Gutier- 

rez), Jim Hogg........---- 1939 10 103 2,199 1,884 2 1 0 1} 18 0 1 
75| Jacob, McMullen........... 1926) 1,230 80 1,487,080 118,699 127 0 4 80} 0 0} ~=80 
76| Kelsey, Jim Hogg, Brooks, 

SiGe ee re Guero een Ie 1938} 1,540 1602 951,461 635,190 85} 33 5 79) 1 79 0 
77| Killam, Webb............-. . |1937 650 150 809,595 121,833 92 Ol 2Bbyj-— Su 0 0) ot 
78| North Killam,'4 Webb........ 1938 80 20 36,974 4,813 7 0 1 6| 0 0 6 
79| Kingsville, Kleburg.......... 1920 240 675 731,752 15,240 20 0 1 9} 1 il 8 
80| Kohler,!8 Duval............-. 1926 360] 5,000 640,494 24,015 91 0}  380y| 11) 12 3 8 


18 Includes North Jacob. 
14 Includes Houser. 
15 Includes North (Deep) Kohler. 


eee 


| Line Number 
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Reser- 
‘ Deepest Zone 
psu Nee Chas acter Producing Formation Tested to End 
Eb: of Oil of 1940 
Sa. in. 
Repres- 
suring 
Ome Gravity = 
A.P.I. at —|¢ 
Tnitial 60°F., Name Be ke 3/8 rs Name . 
Weighted % 3 = les| 2 ‘s 
Average 3 Sots a la £ Ag 
ree a8 | 25 ls] 2 aS 
26 eS | 8% |jz<| 2 a 
22.5 |Cole Eoe |8 2,448|2,535 
1 23.4 Hosbleycuea Eoce |§ 2,884|2,904 Yegua 4,695 
ca ie ied aes — : re 561 
, atahoula 1g ’ 
{ 825 36.5 | Heterostegina Olig |S 5,1 pe 7 
ee penis (or err hpea 
385 G McElr Oc , ’ 
{| So’o | Monkey Boe |§ 1,325]1,360 Mt. Selman 
19 Col ‘oc |S ; ; 
t| 23 |Gort. wells Boe |8 2'120|2'150 Cockfield) Sea 
Frio Olig |S 6,685 |6,770 Frio 7,508, 
43 Cockfield Koc |§ 2,850|2,862 Yegua 3,502. 
Catahoula Olig |S 425) 429 
200 31 Frio Olig |S 1,739|1,775 Frio 2,379 
30 Frio Olig |S 1,866|1,879 
20.9 | Jackson oc |S 900/1,050 ( 
20.9 | Jackson Eoe |§ 1,137)1,350 Reklaw 4,645. 
20.9 | Jackson Eoce |S 1,450/1,600 
ol | Bie TB Ie) ORS asia |e ona a 
‘ 46 ockleyensis oc |S si i ; 
{ 370 47 | Pettus Eoe |§ 4,260/4'303 Yegua 5,288) 
7 | Yegua Eoe |§ 4,900/4,916 Yegua 5,087 
1,420 41,5-43.8] Marginulina Olig |S 6,590 |6,696 Frio 7,504 
1,725 41.6 | Marginulina Olig |S 6,780/6,800 Frio 8,395. 
{ 600 39 Frio Olig |S 5,189/5,215 Sacks 6.260 
1,330 39 Vicksburg Olig |$ 5,744|5,761 > a 
22.1 | Mirando Eoc |§ 2,160/2,185 Yegua 2,861 
f 600 21 33 Gort Well Toe 5 2200 2'380 
0 s ‘oc ‘ 
i; 26 Loma Novia Eoc |§ 2,400}2,450 Mt. Selman 5,858" 
660 26 Yegua Eoe |§ 2,982/2,985 < 
34.5 | Coley Eoe |S 1,745}1,785 ; 
400 32 Upper Govt. Wells y Eoe |S 2,047|2 Yegua 3,600 
85.2 Lave Govt. Wells y oka 2 van 2. 
Tio ig |§ 1,305}1 J 
550 Gas { Jackson Eoc |S 2,619/2 Jackson 2,644 
20.2 | Mirando Eoc |§ 1,944/2 Yegua 3,546 
520 31.1 | Frio-Vicksburg Olig |S 5,133)5 Jackson 5,885 
890 25.5 a ey (Argo) Eoc |§ 2,550/2 - { 
475 23 Govt. Wells Eoc |§ 2,720|2 Yegua 3,800 
200 21.5 | Loma Novia Eoc | 8 2,820/2. ¢ 
24.5 | Pettus Eoc |§ 2,795/2,811 Yegua . 3,160 
Pump 32.6 | Loma Novia Eoc |§ 3,217|3,228 
{ 1,200 55 | Cockfield Eoe |§ 3,618|3,056 Yegua 3. 
Gas | Mirando Eoc |S 
21.5 | Pettus Eoc |8 Mt. Selman 371 
20.5 | Cockfield Eoc |8 
1,170 44.7 | Frio Olig |S 4 
1,050 42 Govt. Wells Eoe |8 6,099|6,107 Yegua 7,507 
pe cia rates eae Bo 4 6,420 Se 
= irando ‘oc |f 1,920/2, r 
| rote 45 ae a : 2,475 Yegua 3,011 
irando 0c 2,046 
800 Gas, & 45] Cockfild Hoe |8 2492 Yegua 3,060" 
; locene io 1,400 
22° | Oligocene Olig |S 3.217 Frio 6,922 
21.5 | Cole Eoe |8 1,748 
80 21.5 | Govt. Wells Eoe |8 2,438 Carrizo 
320 22.5 | Mirando Eoc |S 2,613 
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Area Proved, Total Oil Production, Number of Oil and/or aut: 
Acres Bbl. Gas Wells Methods, 
End of 1940 
; : Dur- 
Field, County ing End of 1940 Number of 
- ‘ 1940 Wells 
g 
g ; 6 To End of | During | £9 i 
= ea ah wee 1940 1940 | eS | yo] BE] wo Ie 
* a © Bu | 3 q =I 5 
. Es as|@| 82/8. (E,| 212 
eo Efe ge | 2 | #2 |ee 38] & es 
= EZ OM | 5S a? ES Eo] & [an 
Se 81) Kreis, Duval.........<...... 1940 10 0 300 300 1 1 1] 0 O} ut 
: 82] Labbe, Duval................/1984 200 500 301,274 66,375 29 0 8 13) 5 4 9 
- 
er 83) LaBlanea, Hidalgo........... 1936 0} 1,0003 612,394 128,077 10 0 3 0) 73 
. 
- 
:. 84! La Gloria, Jim Wells.........|1939 40 2003 22,310 13,991 4 0 2 hye ds 0 1 
7 85! La Reforma, Starr........... 1938 o| 1003 10,335 594 WhO reo BG 
“o 
: 86] La Reforma, South Starr. .... 193y 0 503 Distillate 0 1 0 1 0; 0 
_ -87/ Las Animas, Jim Hogg...... .|1937 50 80 36,612 9,485 8 0 6 20 2 0 
* 88] Las Vieja,5 Willacy.......... 1936 40 0 17,954 0 1 0 0 0] O 0 0 
Ee 89) Laurel, Webb................|1932 220 320 686,976 4,551 33 0 3 4; 2 0 4 
 90| Leascholders,1 Webb......... 1922]  10| 20 25,000 0 t= Ge 01 “Ol @| Sat oo 
91) Loma Alta, McMullen....... 1935 20 0 130,514 13,484 | 4 0 0 3} 0 0 3 
‘a 
Za 92| Loma Novia, Duval.......... 1934! 7,410 270 22,954,557 | 2,795,457 758 0 65y| 610; 2 0} 610 
4 93] Loma Valdez, Webb.......... 1938 0 10 Gas 0 1 0 1 0} 0 
94] Loma Vista, Duval........... 1936 10 10 19,753 2,143 2 0 0 1} 0 0 
d ‘ 95| London, Nueces...........-.+ 1937 80 403 69,737 11,748 4 0 1 2} 0 1 1 
a 96| Longhorn, Duval............ 1938 960 0 1,113,341 678,057 48 7 2 46} 0 38 8 
BT Gapsaa! Zapataccs.n.+.-<00- 1934 0| 1,100 Gas Gas gal ohthoue act at 44 
_' 98} Lopez, Webb-Duval.......... 1935} 3,450 240 10,060,415 | 1,645,584 369 0 10 339} 3 93} 246 
4 99} Los Olmos, Starr...........- 1925 240 310 615,056 25,559 108 1 1 73| 0 0 73 
: 100} Los Picachos..:............-/1938 20 0 576 0 yd. 0 il 0) 0 0 0 
- 101} Luby, Nueces............0.. 1937} 3,000 40 5,438,720 | 1,428,789 149 v 3 146) 0 146 0 
4 102| Luby, East, Nueces.......... 1940 0 408 150 150 1 1 0 Oo} 13 
108) Luby, North, Nueces........ 1939 60 0 36,066 26,187 3 1 0 3} 0 2 1 
2 104| Lundell, Duval.............. 1937 780 120 648,348 263,287 90| 26 2 85) 3 35| 50 
3 105] Magnolia City, Jim Wells... .|1939 120 802 109,350 92,328 9 7 0 6] 32 6 0 
106) Manila, Jim Hogg..........- 1940 130 10 43,168 43,168 13 13 0 13) 0 13 0 
~ 107] Martinez, Zapata............ 1929 0 850 Gas Gas 27 0 Uf 0} 18 
108 Mathis, San Patricio........ .|1924 0 100 Gas 0 6 0 0 0} 0 
E 109) East Mathis, San Patricio... .|1989 60 403 7,474 6,724 3 1 2 ee 1 0 
Z ; 
4 110} McAllen (Pharr), Hidalgo... .|1938 0 2403 10,831 5,093 2 0 il 0} 18 
B 111| McBride, Webb. .........-.. 1940 o| 10 Gas Gas | ices met ner 
J 112} Mercedes (Capsillo), Hidalgo. .|1935 0 5608 162,527 5,073 7 0 1 0} 63 
"A . . \ 3 
113] Mestinas, Hidalgo........... 1935 0 403 See San Salvador 1 0 0 Oo} 1 
: 114] Midway, San Patricio........|1937 440 0 880,168 346,784 22 9 3 19} 0 17 2 
115] Minnie Bock, Nueces......... 1939 780 0 482,514 379,104 39 16 1 38) 0 36 2 
{ 116] Mirando City, Webb......... 1921} 1,430 500 9,105,586 108,897 295 Oo} 14 73) 1 0} 73 
; 117| Mirando Valley, Zapata...... 1921} 1,000 320 1,284,560 347,806 146} 28) 12 93) 2 6] 87 
E 118] Moca, Webb..............-- 1932 80 20 1,055,008 78,908 12 0 0 ll} 0 0 ll 
16 Field abandoned. 
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TABLE 1.—(Continued) 


R 


eser- 


i Deepest Zone 
voir 
Character ing Formation Tested to End 
pe of Ol sie of 1040 
8q. In. 
Repres- 
suring Depth, 
Opera: , Avg. Ft 
tiond | Gravity - 
i PI. at — g 
3 | Initial 60°F., Name ing : alg | . ; 
E Weighted S| & |B | gE lee) & ‘s& 
& Average 2 3 a 2| 33 = gi 3 Ze 
2 > Iq & a5) 3 3 a 
a $i & jé&8|8"% 4 2 am 
81 29.2 | Loma Novia ae a pe note a ML | Loma Novia | 3,261 
890 Gas Hockleyensis oc ‘or 5 F b 
s21{ 380 25-4) | Louis Novia oe {8| Por | 2s0012'900 |19 | f ME: | Yerua +008 
j 52 | Fro Ole |s| Por | 7430/7480 [2s 
2,700 52 rio ig or 9 f ; : 
8315 3'000|¢?M4| 48 | Frio Otig |S} Por | 7,84017.875 [20 |¢D | Vicksburg | 8,808 
\ 3,850 56 Frio Olig |S Por 8,035|8,075 |25 
2,125 44 Frio Olig |S Por 6,070/6,100 |15 3 
2,000 56 Frio Olig |S Por 6,533/6,598 |15 
84 3,150 60 Frio Olig |S Por 6,998/7,011 |13 A | Vicksburg 7,545. 
300 60 Frio Olig |S Por 7,066)7,088 |22 
25 Vicksburg Olig |S Por 7,210|7,232 |12 7 
85 2,125 51.6 | Frio Olig |S Por 5,917/5,969 |52 | AF | Vicksburg 7,010 
(86 2,050 51.5 | Frio Olig |S Por 5,798/5,832 |34 AF | Vicksburg 566 
87 200 18.5 | Cole Eoc |S Por 1,782}1,828 |22 A | Yegua 3,808 
88 2,056 48 Frio Olig |S Por 7,630|7,646 |16 D | Frio 10,286 
Gas Frio Olig |S Por 360} 366 | 6 
89 Gas | Mirando Eoc |$ Por 1,770|1,777 | 6 MF | Cook Mt. 3,165 
49 Cockfield Eoc |S Por 2,24412,275 | 7 
90 22 McElroy Eoc |S Por 1,049/1,055 | 6 ML | Mt. Selman | 3,034 
91 235 oan oe Hoe : a As aoe te MF | Cockfield 2,766 
23. 9- oma Novia oc |f or F . ’ 
2 { 200 32 | Mirando Eoc |S} Por —_| 2.846|2'900 15 \ ML Cook Mt. | 4.2005 
93 450 Gas Cole Eoc |S Por 1,790|1,812 |19 NL | Yegua 3,528 — 
94 aS eur aes le ae : 0 rans rem ha ML | Cook Mt. 4,732. 
; atahoula ig ‘or A , . 
ia a 
5 ; ole oc ‘or , : t | 
4d 780 45.2 | Govt. Wells Eoc |S| Por | 4,885/4.914 |10 | sAF | Yegua 6.01% 
97 925 Gas Queen City Eoc |S Por 2,147|2,170 |23 A | Carrizo 3,502 
98 760 22 Mirando Eoc |§ Por 2,126/2,250 |18 | ML | Yegua 3,437 
99 120 20 Frio Olig |S Por 250) 700 |17 MF | McElroy 2,612 
100 24 Govt. Wells Eoe |S 22-26 2,166}2,196 |15 MF | Govt. Wells | 2,196 
45.7 | Catahoula Olig |S Por 4,306/4,354 |15 4 
101 1,710 45.7 | Heterostegina Olig |S Por 5,009/5,087 |20 NF | Frio 7,595 
45.7 | Heterostegina Olig |S Por 5,155/5,175 {10 4 
a oe ee eee | 
, if atahoula ig ‘or / 43 . . 
108 { 450 45.7 | Heterostegina Olig |S] Por | 5,073|5,085 |12 \NF Frio 7.440) 
104 640 19.3 ole Eoc |S Por 1,500}1,530 |10 MF | Jackson 2,698 
1,450 42.7 | Frio Olig |S 27.7 5,436/5,485 |10 4 
105 1,000 Gas Frio Olig |S Por 5,561/5,569 | 8 A | Jackson 6,592 — 
750 40.8 | Frio Olig |S Por 5,692|5,726 |10 3 
106 286 24.9 | Pettus — Eoc |S Por 2,576/2,650 |10 | NL | Yegua 3,006 
107 620 Gas Hockleyensis Koe |S Por 1,921|1,927 | 6 ML | Cook Mt. 3,514 
108 935 Gas | Miocene Mio |S Por 2,375/2,414 |10 | MF | Jackson 5,526 
1,450 54 rio Olig i] Por 4,417/4,422 | 5 . 
109 825 35.5 | Frio Olig |S Por 5,258]5,270 |12 Nf | Jackson 6,348 — 
1,000 41 Vicksburg Olig |S Por 5,600/5,627 |10 
2,025 61.5 | Frio Olig |S Por 5,970|5,994 |24 
110 1,750 58-60 | Frio Olig |S Por 6,500/6,955 |20 D_ | Vicksburg 7,507 
2,200 53 Vicksburg Olig |S Por 7,415|7,498 |25 ‘ 
mt eet lu [Hee | RR |: |e 
‘ a rio ig ‘or : , 6 . 
112] F750 50-60 | Frio-Vicksburg Olig [S| Por | T920lgo00"|15 |}DF | Vicksburg | 9,618 , 
113} 1,840 52-60 | Frio Olig |S Por 6,658|6,748 |90 | D i 8,123 
114 1,985 28.4 | Frio Olig |S Por 5,285]5,370 |15 D 7,003 — 
115 1,240: at Coes F ve . ~~ ee ee 4 DE 6,011 — 
; ockleyensis gz ‘or | : 
: Ve Geren fee) ee ama to | , 
: per Hock. ‘oc or 1415}1,4 a 
u7/{ 35 20.9 | Mirando Eoe |S} Por —_‘| 1,790/2/000 |10 | 5 ME 3,600” 
118 21 Mirando Eoe |S Por 900} 950 }10 | MF 2,178 


7 Found productive on tests. 
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: ‘ Oil-pro- 
Area Proved, Total Oil Production, Number of Oil and/or duction 
Acres Bbl. Gas Wells Methods, 
End of 1940 
Dur- 
Field, County ing End of 1949 _ | Number of 
1940 Wells 
LJ . = 
i » | ToEnd of | During | £9 
4 P Bee one 1940 140 | eS | gy |e alee aie 
Z S§ gei/2| sole le.| 2 |a 
3 aa ge] og | ge |ee(s3| & ise 
4 eI ole 5S cue | iS) as ic} = [34 
119} Munson, McMullen.......... 1938 150 20 126,216 44,391 17 3 2 15) 0 0 15 
120) Muralla (Blanchard), Duval |1939 60 403 25,830 17,542 3 1 0 2| 18 0 2 
121] Nichols, Hidalgo............ 1940 10 10 1,939 1,989 i 1 0 0 1 0 
_ 122} Odem, San Patricio.......... 1939 20 403 4,113 3,513 2 di 1 0 af 0 
023) Oilton, Webb..............-- 1937 700 150 1,456,782 232,181 141 1 30y| 94) 0 0 94 
124| Orange Grove, Jim Wells..... 1940 520 0 191,636 191,636 19; 19 0 19} 0 19 0 
125} Palangana, Duval............|1928 50 0 9,846 0 5 0 0 0; 0 0 0 
126} Patal, Jim Hogg.............|1940 0 40 Gas Gas bf iy ill (0) en) 
MENA, LUO) <.cmic'c).jcicies<- 22 1933 0 40 Gas 0 1 0 0 0; 0 
128} Peters, Duval............... 1933 140) 1,400 184,616 29,502 21 1 2 4) 13 4 
129] Peters, Hast, Duval ......... 1940 60 0 10,085 10,085 3 3 0 3] 0 iD 
130] Peyote, Jim Hogg........... 1932 0 20 Gas 0 1 0 0 (0) i) 
131] Piedre Lumbre, Duval........ 1935} 1,000 200 1,912,507 605,120 135 2 5 123} 1 12) 112 
_ 132) Pietras Pintas, Duval........ 1905 150 0 154,183 31 29 0 3 Ol-0 0 0 
133 Plymouth, San Patricio...... 1935} 3,450 1503 20,515,286 | 2,739,651 190 9 8 179} 33) 175 4 
134| Plymouth, East, San Patricio .|1938 0 120 Gas Gas 3 1 0 0} 3 
135| Premont, Jim Wells......... 1933 720 280 729,578 137,926 60 18) 25y| 30) 2 16 14 
136| Premont, East, Jim Wells..... 1937 280 1603 239,445 126,381 9 iy 2 6} 13 6 0 
137| Rancho Solo,!8 Duval. ......- 1935 440 160 309,271 131,247 43 6 2 38] 0 (1) ee) 
138| Randado, Jim Hogg....-..--- 1926 765 435 4,737,660 91,510 191 0 5 86) 0 0 86 
139] Reiser,> Webb..........----+ 1909 20) 1,270 4,000 0 18 0 0 (a) 0 0 
140] Reynolds, Jim Wells......... 1939 690 0 594,156 476,643 32 3 1 St-0 29 2 
141] Rhode, McMullen........... 1936 0| 650 Gas Gas Ht = Of = 0] 8 
-142] Ricaby,¥8 Starr............-- 1937 150 0 83,089 57,635 14 5 si 9} 0 1 8 
143] Richard King, Nueces........ 1937 760 140 798,839 400,996 40 9 1 38) = 1 38 0 
144} Rincon, Starr........-.-...- 1938 960 2403 928,185 903,655 53 48 4 48) 13 48 0 
145| Rincon, North, Starr........ 1940 80 20 7,484 7,434 4 4 0 4) 0 2 ) 
'46| Rio Grande City, Starr..... .|1982 150 60 400,342 21,962 30 0 4 15| 0 0 15 
a iiversde, ees tee Se 1938 80 803 60,420 30,491 5 0 1 2) 13 D1 tei 
148] Robston, Nueces.........--- 1939 60 0 38,523 31,608 2 1 0 2! 0 2 0 
149] Roma, Starr..........-----. 1927 20 280 21,408 2,248 5 0 0 i C0) 1 0 
150] Sacatosa, Starr........-...-. 1938 0 10 Gas 0 1 0 1 0] 0 


18 Includes Rancho Solo extension. 
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TABLE 1.—(Continued) 
vor Characte Tested to Bnd 
aracter 4 ion : ested to En 
party of Oil Producing Formatio of 1040 
8q. In 
Repres- 
serie Depth, 
Opera- : Avg. Ft 
tion¢ | Gravity 5 
HS .P.I. at ai N 
8 | Initial 60°F., Name ns 5 ied ie oe ame P- 
g Weighted 8 = z ge =o g ‘sx 
Zi Average | Hel Sg leul = as 
2 Big] 5 |88| 3 ies! & 8 
5 2 |6 iw = mrt |e a A! 
20.7 | Mirando Eoc |S Por 1,201)1,213 {12 ML | Pettus 1,501 
2 1,050 43-46.1) Pettus Eoc |S Por 4,683/4,822 | 8 ML | Cook Mt. 5,710 
: Gas__| Frio Olig |S} Por | 3,132|3,138 | 6 | AR: | ded Aen 
= { 925 26.4 | Frio Olig |S| Por | 3,498/3,503 | 5 “a 
122] 2,650 38.2-57 | Frio Olig |S} Por —_| 6,900/7,000 [15 | A | Frio 7,295, 
300 22 Mirando Eoe |S Por 1,880/2,025 {12 } ML | Yeeus 3.151 
nae { 850 Gas _ | Cockfield Foc |S} Por | 2407/2473. |15 
124 900 30. 6-32 pire Olig 8 pe ar erid 2 MF | Vicksburg | 5,694 
16 Catahoula ig ‘av 5 ; 
a { 200 45 | Jackson Olig |S] Por —_‘| 2,730/2,744 |14 \ Ds Mt. Selman | 5,454 
126 1,100 Gas Yegua Eoc |S Por 3,120|3,130 |10 ML | Yegua 3,156 
127 700 Gas |Frio ~ Olig |S Por 1,915}1,932 |17 | MF | Caddell 3,620 
Gas Cole Eoc |S Por 1,750)1,760 | 5 ' 
128 750 23.1 | Govt. Wells Eoc |$ Por 2,410/2,451 |20 ML | Yegua 3,309 
i 23.1 | Mirando Eoc |S Por 2,610/2,635 |15 d 
129 30 22.9 | Govt. Wells Eoc |§ Por 2,441/2,465 |13 ML | Loma Novia} 2,563 
130 Gas Govt. Wells Eoc |S Por 2,246/2,262 |16 ML | Yegua 3,210 
500 20 Cole Eoc |S Por 1,324]1,362 | 7 ; 
131 21.7-22.7| Govt. Wells Eoc |S Por 1,950/2,080 |12 ML | Yegua 3,250. 
400 20.4 | Loma Novia Eoc |§$ Por 2,100/2,174 |10 . 
13 Catahoula Olig |S Por 180} 580 {20 > Mt. Selman | 5,902 
182 | 500 47 | Hockleyensis Eoc |S| Por | 3,462/3,623 |26 
1,100 34.2 rio ig ‘or A 2 
133 31, 6-62 | Frio Olig |S} Por | 5,890/5,920 |10 | (AF | Frio 7,253 
$50 Gost) | Hosea Gli |8| Por |a'sos|a'as6. [20 
1,950 as eterostegina ig or Xl ; . * 
atten Sees Se ee Te ee ee a 
00 22.8 ‘atahoula i ‘or i . . 
many te 24 io Olig |S} Por | 3,165/3,265 |11 | fD |McBlroy | 7,155 
1,800 54-60 | Frio Olig |S} Por —'|.5,36515'480 |10 j 
136| 4 2/100 36-60 | Frio Olig |S} Por | 5,625/6,138 /10 |} D | Jackson 8,162 
2,000 38.1 | Vicksburg Olig |S Por 6,582/6,694 |10 y; 
19.4 | Cole Eoc |S Por 1,800}1,895 |12 } Mab enun 3 
137/{ 09 Gas__| Govt. Wells Koc |S} Por ‘| 2'555/9'569 14 gu , 
138 22.5 ‘ole Eoc |8 Por 1,225]1,275 | 9 MF | Mt. Selman | 5,2 
139 z Jackson-Cockfield aA 5 Se : 4 _ - ML | Mt. Selman | 3,24’ 
2,750 rio ig ‘or : 9 
140 { 1,660 38 Frio Olig |S Por 5,100}5,254 | 9 ta Jackson 6,02. 
141 650) Gas Cole Eoe |S Por 1,800]1,822 |12 MF | Yegua 3,53 
175 21.2 | Frio Olig |S Por 1,270/1,324 | 8 4 
142|~ Pump 21.2 | Frio Olig |S Por 1,432]1,456 | 5 ML | Jackson 2,84 
235 30 ~—‘| Frio Olig |S] Por ‘| 1,604|1'611. | 7 
22 Frio Olig |S Por 4,000/4,030 |15 
650 37 Frio Olig |S Por 5,250|5,270 | 7 ‘ 
143 1,250 39 Frio Olig |S Por 5,380/5,466 |15 AF | Hockleyensis 7,567. 
725 42 Vicksburg Olig |S Por | 5,595|5,750 |10 
550 38 Vicksburg Olig |S Por 6,133}6,143 |10 
1,500 39 rio Olig |S Por 3,629/3,797 |20 : 
144 38-56 | Frio Olig |S Por 3,855)4,022 |18 A | Yegua 6,862. 
1,700 45.1-54 | Frio-Vicksburg Olig |S} 26-89 | 4,154|4,294 |20 
44.6 | Frio Olig |S} Por | 4,111/4;137 {18 
145 42.5 | Frio-Vicksburg Olig |S Por 4,393|4,402 | 9 A | Jackson 5,590 
1,250 47.5 | Jackson Eoe |S Por 5,478|/5,590 |15 
146 23 Frio Olig |8 Por 1,350/1,450 | 8 | MF | Jackson 3,25 
147 1,450 32.2-51 | Frio Olig | 8 Por 4,888]5,037 |25 A | Vicksburg 7,7. 
14 300 41.9 | Frio Olig |S Por 5,195|5,208 12 A lee 7 525 
8 950 51.9 | Frio Olig |S} Por —|5,548/51582 |20 rio ’ 
Gas __| Frio-Jackson ae 8 40d 192) 200 | 8 > 
149 , OC or A | Reklaw 4,827 
35.2 een City Eoe |S Por 3,560/3,650 | 6 
150 400 Gas ovt. Wells Eoc |S Por 1,650/1,661 |11 ML | Govt. Wells | 1,7! 


20 Perforations. 
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a ee 


. ; ; Oil-pro- 
a Area Proved, Total Oil Production, Number of Oil and/or dustin 
e Acres Bbl. Gas Wells Methods, 

E: End of 1940 
$ Dur- 

F Field, County ing | End of 1949 | Number of 

1940 Wells 
I Fy » 

’ il ash) | ToEnd of | During | 89 ‘ 
t: q e Ne Sood 1940 140 | BS) eo | EEL ew le 

4 = Ss = 

2 af BE |e | ge lseleal = [ge 

3 A 5" | & | £2 |FS ES] 2 |S 
151| Sam Fordyce," Starr, Hidalgs.|1934} 1,600 900 d 7,814,282 444,201 256 0 65y 99} 0 22 7 
152) Sandia, Jim Wells........... 1929 50 120 22,719 1,215 6 0 3 1) 0 0 5 
153) San Disgo Jim Wells........ 1934 0 120 Gas 0 2 0 0 0} 0 
154| San Jose, McMullen......... 1938 10 10 450 0 2 0 1 0} 0 
155] San Salvador, Hidalgo....... 1938 0 3003 85,306 41,785 3 2 0 0} 33 
156} Santo Domingo, Starr........ 1936 0 50 Gas 0 2 0 2 0; 0 
bi5y| oarnosa, Duval.....:......2. 1932 690 180 2,392,856 154,010 57 0 5 41; 0 0 41 
oe Saxet, Nueces ; 
158 Dhallows.aemsn cent 1923) 3,850} 3,800 f 20 355| 35 118} 237 
45,676,847 | 5,252,615 759 3 
159 Deep ve incactectice a cltek 1935} 2,450) 3,400? i! 30 149] 46? 94 55 
160 Seabury, Starrs.(..0.2.2. 20. 1939 10 10 484 234 2 1 1; 0 0 1 
Bell) Sejita, Dutal..f......)...... 1939 0 808 1,800 1,360 2 1 2 0; 0 0 0 
162) Seven Sisters, Duval. . pO 1934} 4,420 280 13,485,256 | 2,424,068 456 6 18 401) 7 13} 388 
- 163] Seven Sisters, South, Duval... |1937 330 0 See Seven Sisters 33 0 2 31] 0 0] 31 
164 Shield, Nweces...........-... 1940 80 203 21,787 21,787 4 4 Ef 3} 0 3 0 
165] Sinton, San Patricio......... 1934 225 100 85,835 3,567 7 0 1 ae | 1 0 
166} Southland, Duval............ 1939 80 20 77,648 51,026 5 1 2 3} 0 3 0 
| Stratton, Nueces............ 1931 350} 1,0003 462,818 74,744 40 28 6 17} 1738 17 0 
168} Sullivan (South Agua Dulce), 
ee i BS oe Re 1936 120} 6808 99,773 7,640 7 0 5 1) 18 1 0 
169] Sullivan City, Hidalgo....... 1939 400 1602 90,056 65,391 26 17 6 18] 2 17 1 
ETO MSUM, WSEGM Tae ole vr<ip «c'vha s1e-6  eie8 1938] 900 100 431,936 280,459 51 32 5 43} 33 40 3 
171] Sweden, Duval.............. 1937 200} 160 265,012 22,406 13 1 6 5] 0 2 3 
172| Taft, San Patricio........... 1935 720 80 4,292,290 926,068 74 1 4 69} 1 48} 21 


19 Includes North Ricaby. 
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Reser- D 
voir : eepest Zone 
Pressure, Character Producing Formation Tested to End 
Lb. per of Oil of 1940 
Sq. In. 
Repres- 
suring Depth, 
Opera- ‘ Avg. Ft 
tion? | Gravity * 
ee A.P.I. at B 
S | Initial 60°F., Name ley ; 2 6 Ss Name } 
EI Weighted & ° 3 = \ss| 2 Sse 
A e S & = a. jam) 3 E 
5 verag BS Siva il eee les chee ae 
2 2 ls} 2 ([e8|/SElsel 2 a3 
fs = 16). BS] a las! & a 
400 21.5 | Frio Olig |S Por 2,737|2,793 |16 
1,050 23.5 | Frio Olig |S Por 2,831/2,890 |22 
151 1,250 24.9 | Frio Olig |S Por 2,925|3,125 |20 AF | Mt. Selman | 9,708 | 
1,150 Gas Frio Olig |S Por 3,183|3,196 |13 
2,800 Gas Jackson Olig |S Por 5,840|5,900 |20 
1,050 Gas Catahoula Olig |S Por 2,910)2,917 | 7 F 
152 1,227 38.3 | Frio Olig |S Por 4,002|4,023 |13 AF | Hockleyensis|} 5,701 
1,750 52 Cole Eoce |S Por 5,151|5,163 }10 - 
153 1,200 Gas Frio Olig |S Por 2,952|2,976 |10 A | Yegua 6,480 | 
154 245 23 ae “a 5 a ort ae ~ ML | Yegua 2,370 | 
3,200 48.8-58 | Frio ig ‘or F 7, * 1 
155 { 3,875 \ PM { 49.7 | Frio-Vicksburg Olig|S| Por | 8,174|8:704 |15 ka Vicksburg | 8,704 
156 1,050 Gas Frio Olig |S Por }2,461|2,616 |25 A | Yegua 6,005 — 
157 21.3 | Govt. Wells Eoce |S Por 2,300/2,500 |15 MF | Yegua 4,073 
1,325 24 Lagarto-Oakville Mio |S Por 1,000)3,150 |15 
8} H, |Gaicae, [els] Ee faemeam | 
St. 7 iscorbis-Het. ig ‘or i 8 < ; 
2,000 30. 6-42. 6| Frio Olig |S} Por {5 .280|6.900 |20 | (PF | Vicksburg | 10,892 
159 2,300 56 Frio Olig |S Por 7,250|7,548 |20 
3,400 58 Frio-Vicksburg Olig |S Por 9,900|9,927 |20 | 
160 ae 7 a Olig 3 se i 1,339 ~ ML | Jackson 2,757 
2,150 51. ovt. Wells 0c ‘or 5,334/5,345 . 
161 { 750 52 Hockleyensis Eoc |S Por 5,476|5,675 |15 \ MF | Yegua 6,838 
270 Gas rio Olig |S Por 1,232}1,262 |15 
225 21 Cole Eoe |S Por 1,710|1,720 |10 
20.5 | Chernosky Eoc |S Por 2,112/2,225 |20 
162 625 23 Govt. Wells Eoe |S Por 2,470/2,485 |15 MF | Cook Mt. 4,404 
200 27 Loma Novia Eoe |S Por 2,660/2,690 |15 | 
460 23 Mirando Eoc |S Por 2,540/2,565 |10 
1,200 a noe pee g me 8,037|3,071 
; rio ‘or 1,559/1,566 1) 
163 ‘ { 23. | Loma Novia Hoe |S] Por | 2,046)2,656 |10 MF | Yegua 3,100 
9 é io g ‘or 6,608)6,657 |15 . . 
2 . Tio ig ‘or 5,415/5,437 15 . : 
165 160 a3 [Brio Olig || Por | 5,880/5.905 10 A | Frio 7,438 
z ettus OC ‘or 5,286|5,298 |10 . 
166). 865 43.8 | Cockfield Koc |S} Por | 5'355/5.365 [10 | § MF | Yegua 6,015 
1,850 58 Frio Olig |S Por 4,788/4,801 |13 
2,110 49.3 | Frio Olig |S Por 5,992/6,002 |10 - 
167 1,900} » PM 42-54 | Frio Olig | 8 Por 6,273)/6,460 |20 DF | Vicksburg 7,206 
1,325 54 Frio Olig | 8 Por 6,480/6,607 |17 $ 
700 43 Frio Olig |8 Por 6,667|6,708 {20 ; 
2,000 51 Frio Olig |S Por 5,756|5,780 |15 4 
2,200 Gas and | Frio Olig |S Por 6,400|6,410 |10 
168 Distillate] . DF | Frio 6,912 — 
2,300 Gas and | Frio Olig |S Por 6,788}6,800 |12 
Distillate | __ ’ 
ag 1 ee a ep yo : Ne pes 8,463 |15 2 
f as rio ig or ,936/3,983 |25 AF | Mt. Selman | 9,71 
700 43.6 | Frio Olig |S Por 4,121/4,130 | 9 ? 
1,800 §2 Frio Olig |S Por 4,111/4,142 |15 : 
i. 7 ea ee Ne : For 4,610)/4,673 |15 : 
’ rio ig ‘or 4,842/4,858 |16 A | Jackson 5,926 | 
800 45.1 | Frio Olig |S Por 4,900/4,972 |10 “¢ 
2,000 47.9 | Vicksburg Olig |S Por 5,115]5,185 |20 : 
120 43° | Chernosky | oc |8) Por | 4,805/4,915 [20 :. 
pper Govt. 8 ‘oc ‘or 5,072|5,091 |19 f 
71 300 Gas___| Lower Govt. Wells Eoe |S Por ,100/5,116 |16 AF | Yegua 6,531, 
710 43 Cockfield Koc |8 Por 5,845|5,869 [24 § 
600 21.4 | Catahoula Olig |S Por 8,975|4,010 |20 
172 650 21.6 | Catahoula | Olig | 8 Por 4,300/4,375 |20 DF | Frio 6,9 
375 23.3 | Heterostegina, Olig |S Por 4,900/4,938 |20 
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_ Nueces County, and Baffin Bay, Kleburg 


County. These, together with already 


established offshore production in the 


Flour Bluff field, Nueces County, and Bird 
Island field, Kleburg County, now give 
South Texas a total of five fields producing 
from offshore. 

Exploration in the Wilcox, limited to 


i _ three tests in Webb County, none of which 


” produced from this zone, and to a few wells 


in LaSalle County, one of which produced 
oil for a short time, did not obtain the 


production found in the Wilcox in other 


- South Texas counties. The shows obtained 


on these few tests probably will encourage 


y exploration in this formation. The Wilcox 
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production through the discovery of the 
Washburn field, but subsequent tests in 
this county have failed to provide com- 
mercial production. Further exploration 
of the Wilcox along the Washburn field 
trend probably will be extensive during 
the coming year. This belt will extend from 
Webb County northeastward following the 
Jackson and Yegua outcrops to the Sabine 
River. The South Texas district along this 
belt will receive its share of drilling. 

One of the interesting discoveries of the 
year was the opening of the Willamar field, 
Willacy County. This structure, a geo- 
physical find, is thought to be one of the 
largest ever found in South Texas. Little 


_ provided LaSalle County with its first oil drilling has been done in Willacy County, 


x TABLE 1.—(Continued) 
"4 Oil-pro- 
op Area Proved, Total Oil Production, Number of Oil and/or duction 
ra Acres Bbl. Gas Wells Methods, 
- End of 1940 
3 = 
; r- 
- Number of 
é t Field, County 1940 End of 1940 Wells 
¢ 8 i » | ToEnd of | During | 29 >a 
4 a 5S cea Wicd 1940 1940 | 8S] | BE] | 
8 5 sey AW ast |Past aS ORS ya cs 
4 u ea | 2 | de ldsteal | les 
PS a2 qa A =] Be 
os =A S21 8 | h2 |ESEC! & | aA 
| pede ook 
173 Tarancahuas, Duval......... 1939 290 0 118,157 | 117,157 |° 29) 28 0 29 29 0 
“174 Tesoro (De Soto), Duval..... 1938 140 80 167,890 42,699 8 0 2 5) 1 4 1 
_ 175| Thomas Lockhart, Duval... .. 1937 100 0 17,146 0 4 0 4 0} 0 0 0 
176} Turk k (West Saxet), 
rs rr ancags c : 5 - 35 aoe. .|1938 890 40 2,995,993 933,400 60 0 2 56] 2 39 17 
My LONG ete iio VAM 10:00. cies 1932 0 120 Gas 0 3 0 0 0} 0 
Vole Webb. PRE ER so syisie x 1939 330 10 173,029 151,712 34 22 5 29} 0 0 29 
Wade City, Jim Wells....... 1939} 1,540 1603 651,498 648,370 78 76 2 73) 3 71 2 
Washburn, La Salle......... .|1940 10 0 2,500y 2,500y a 1 0 1} 0 1 0 
Wentz, McMullen........... 1932 0 80 as 0 3 0 0 0} 0 
Weslaco, Hidalgo............ 1938 0 403 2,125 0 i 0 1 Oo} 0 
White Point, San Patricio... .|1930 100} 3,900 147,642 12,227 48 0 5 1} 11 1 0 
San Pi 
eerie ce pee = {1938} 4,160 1802 5,290,065 | 2,974,477 235 74 2 229] 4) 214 15 
PAW AUCH easier eereToe 1940 20 0 2,939 2,939 1 1 0 1} 0 1 0 
Woods, Bar. md 1936 0} 120 Gas 0 4 0 0 0} 0 
Wray, Zapata.............-. 933 0 80 Gas 0 3 0 0 A S 
Young (Chante Blanco), Starr |1938 0 20 Gas 0 fi 0 0 
Yaaguirre, Starr............. 1940 20 208 2,314 2,314 2 2 0 1] 18 1 0 
ED Ota lame cee Byeeicteaibave iss 110,815] 73,350 325,697,136 |52,646,521 | 12,186) 1 145] 1,118 | 8,040/526 | 2,684) 5,356 
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or in Cameron and Kenedy Counties, 
although much of the land has been under 
lease for several years and severe struc- 
tures are supposed to have been uncovered 
by geophysical work. With expiration 
dates approaching on many leases, and 
with the new Willamar field serving as 
incentive, the near future should see 
increased drilling activity in these three 
Frio-trend counties. 

South Texas oil production totaled 
52,646,521 bbl. in 1940, against 55,105,506 
bbl. in 1939. 

Complete reference to the nomenclature 
of formations, producing horizons, trends, 
recycling possibilities, and other general 
geological and engineering information for 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1940 


this district is contained in the three earlier: 
volumes of Petroleum Development and 
Technology (Trans. A.I.M.E., 127, 132, 
136). 


DuvaL County, LAREDO DISTRICT 


East Peters Field—Mortimer, Springer: 
and Collins’ W. R. Peters No. 3-B, sec.: 
196, two miles east of gas production in the: 
Peters field, was completed on Jan. 14 
to open this field from Government Wells: 
sand at 2441 to 2465 ft. On a 3-hr. gauge 
the well jetted 36 bbl. of 22.9° gravity oil. 
from perforations at 2450 to 2463 ft.: 
through 3¢-in. choke, under 30 lb. tubing 
pressure and 260 Ib. casing pressure. 


TABLE 1.—(Continued) 


Producing Formation 


Lb. per 
Sq. In 
3 | Initial 
£ 
i=] 
er 
Sg 
& 
173 . ins 
" ettus 
174 670 Pettus 
175 1,450 , Pettus 
550 : Catahoula 
375 Catahoula 
176 875 i 
1,400 
780 
177 375 
178 a 
179 400 
1,520 Vicksbur 
180 50 Wilcox (Rockdale) 
181 200 Cole 
182 2,950 Frio 
765 Lagarto-Oakville 
183 2,000 Heterostegina 
5 ; Frio 
500 Oakville 
500 Catahoula 
184 1,050 Heterostegina 
950 Frio 
850 i 
925 
185 350 
186 460 
187 150 
188 M4 
825 4 Frio 
189 { 2,125 3 | Frio-Vicksburg 


| Character’ 
Net Thickness, 
Avg. Ft 

Structure* 


Vicksburg 


Frio 
Jackson 
Mt. Selman 
Jackson 


Jackson 


RARDANNNNNRNRANRRNRNNANARNRRARRRMNNMNNnDN 


4,610)4,620 
5,234|5,246 


nee ae ee Nee ee eS ee Se a en ee bas 3 w* se f oy mae zy ~~ 7 
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TABLE 2.—Summary of Drilling Operations in South Texas 
Important Wildcats and Semiwildcats Drilled in 1940 
Total Deepest 
County + Well Name and Location Depth, pie ieee 
Ft. Tested 
Larepo District 
Hem Vale ce tind otters. sce W. R. Peters No. 3-B, sec. 196 2,557 | Goliad Govt. Wells 
BAD UVAL) 1: Sexe 2 ctely Ktacit Sai he Roses Estate No. 1-A, survey 21 4,335 | Goliad Pettus 
De AU Al seetreictetele, a)erassh Ch aera g M. Garcia No. 1 sec. 407 5,087 | Goliad Yegua 
BM OUVALS. «onsite aired cote Lillie Kreis No. 1, L.G.N. survey 68 3,261 | Goliad Loma Novia 
PMEWPED Va ey, 0's, clans nS ve eave Drummond No. 2-B (Seven Sisters) 1,303 | Goliad Frio 
DD UVAl Se eck, cekregs + cane Lundell No. 1, survey 364 (Lundell) 1,359 | Goliad Cole 
TEAS TERR a ee Parr No. 1, sec. 298 (Blanchard) 5,710 | Goliad Cook Mt. 
Bae Valent aati twee a ta Rogers No. 1, survey 275 (Bridwell) 4,307 | Goliad Pettus 
He UV alte scechserasic heave cs ce No. 1-B (Conoco Driscoll) 4,515 | Goliad Yegua 
ROA DUV ELS ony ss crte sero okt D.C.R.C. No. 1, survey 289 2,212 | Catahoula Pettus 
Betas MLM veal seen Oph feb, Se Seedy, A. Weil No. 1, sec. 1 (Hoffman) 2,724 | Goliad Govt. Wells 
21 UBB Veicn oe a Rodriguez No. 1 (Sejita) 6,838 | Goliad Yegua 
RSM PEE UV pete me «selon oko servers Geo. Herberger No. 1-A, sec. 14 (Sweden) 5,873 | Goliad Cockfield 
Ag Duvall cap tonie nos ess ts. v sites Salazar No. 1-B, survey 3 (Hoffman) 2,634 | Goliad Govt. Wells 
oD UWvall Gack sam as ches ant os Weiderkehr No. 70 (Govt. wells) 3,183 | Goliad Pettus 
48 DLval eres eens D.C.R.C. No. 10, survey 290 1,550 | Catahoula Mirando 
OS-}Jim Hogge...)..2cccc0 ess Wood No. 1, sec. 82 2,614 | Catahoula Pettus 
19 | Ji ae Armstrong No. 1, sec. 90 (Holland-Hebbron- | 3,691 | Goliad Cockfield 
20 Reuben Holbein No. 1, sec. 4 3,150 | Goliad Yegua 
21 D. Gutierrez No. 1, sec, 579 3,156 | Goliad Yegua 
22 Washburn Ranch No. 1, survey 67 8,300 | Yegua Cretaceous 
23 Ezzell No. 99 (South Calliham) 1,197 | Catahoula Loma Novia 
24 Davenport No. A-1, survey 6 (Rincon) 4,383 | Goliad Vicksburg 
25 Slick-B-9, survey 266 (Rincon) 4,152 | Goliad. Frio 
26 Slick-B-26, survey 232 (Rincon) 4,311 | Goliad Vicksburg 
27 ...| M, F. Yzaguirre No. 1, survey 227 5,258 | Goliad Jackson 
28 .| Lehr No. 1, sec. 518 5,542 | Goliad Jackson 
29 .| Std. Trust No. 1, Porcion 92 3,505 | Goliad Frio 
30 .| Seyfriedt No. 1, sec. 928 (Yzaguirre) 6,006 | Goliad Jackson 
31 .| Rodriguez No. 1, (Kelsey) f 7,507 | Goliad Yegua 
32 .| Saentz-State No. 1, survey 80 (North Rincon) 5,590 | Goliad Jackson 
33 . | Saentz-State No. 2 (North Rincon) 5,266 | Goliad Jackson 
34 .| Slick No. 6-B, sec. 528 (Rincon) 4,866 | Goliad Vicksburg 
35: .| Slick No. 2-A, sec. 485 (Rincon) 5,797 | Goliad Jackson 
36 .| Slick No. 11-B, sec. 266 (Rincon) 4,278 | Goliad Frio-Vicksburg 
37 .| Slick No. 17-A (Rincon) 5,248 | Goliad Jackson 
38 .| Chapa de Vela No. 1 (Boyle) 4,503 | Goliad Jackson 
39 ...| Jaurez No. 1, Teresa grant (Kelsey) 5,638 | Goliad Vicksburg 
40 .| Guerra No. 1, Porcion 69 3,096 | Jackson Mt, Selman 
41 ...| Ricaby No. 1, Porcion 81 (Ricaby) 1,770 | Goliad Frio 
42 .| Seabury No. 1, Porcion 80 (Seabury) 1,349 | Goliad Frio 
43 ..,| Green & Manning, No. 1, Porcion 81 (Hayden) 2,644 | Goliad Jackson 
44 ..| Lopez No. 46, survey 309 2,185 | Catahoula Mirando 
45 Bruni No. 64, survey 446 1,880 | Goliad Cole 
46 Pedro-Leal No, 2, sec. 461 y 3,117 | Jackson Pettus 
47 A. M. Bruni No. 7 (Cole Bruni) 8,959 | Goliad Wilcox 
A. M. Bruni No. 4 (Cole Bruni) 3,973 | Goliad Cook Mt. 
rf Callaghan No. 1, sec. 585 9,501 | Goliad Wilcox 
50 Yeager Strohman No. 1 (Glen) 2,178 | Jackson Mirando 
BE ZADAbA as ycc.5 sieisielend sie2 sie Quinlan No. 1, Porcion 19 (Lopena) 2,262 | Yegua Queen City 
: Ope oe CaRIsTI 
ISTRICT : 4 
TOALR ONE ate terrace Yturria No. 1, Porcion 43 3,138 Goliad Frio 
3 Fideigo Ee raaareiuphie ee evete 3 Yturria No. 1A, Porcion 44 (Nichols) 3,553 | Goliad Frio 
BAP HIDALGO: <aeisrery l-eicieselatete ars Chapa No. 1-A, Porcion 39 (Sullivan City) 4,130 | Goliad Frio 
Bisa) etal 0 Mas sel cha alerevgyeicho tas Joseph Cardenas No. 2 (San Babyadon) 8,704 | Beaumont Vicksburg 
BOM ode WV Gllsecen retsis etstei evs) cleyn/~ Blaske No. 1, Agua Dulce grant 5,603 | Lissie Vicksburg 
Jint Wells... ..cmcauiie cus Gallagher No. 1, Gallagher subd. block 21 5,624 | Lissie Vicksburg 
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Important Wildcats and Semiwildcats Drilled in 1940 


Drilled by 


Initital Production 


oo _ Oo mw 


Mortimer, Springer & Collins 


Bridwell Oil Co 
Sun Oil Co, 
Ike Howeth 


Reynolds & Richardson 
Govt. Wells Oil Co. 


Taylor Rfg. & R. A. Thompson 


Forest Development Co. 
Continental Oil Co. 
Magnolia Petr. Co. 
Magnolia Petr. Co. 

Std. of Texas 

Hiawatha Oil & Gas Co. 
Gilcrease Oil Co. 

Sun Oil Co. 

Magnolia Petr. Co. 


Achning & Daubert 
Texas Corporation 


Guy A. Davis 
Patal Drillers et al. 
H. R. Cullen 
Edwin M. Jones 
W.R. Devs 


Oe ies Ol Well 8. Co. 
Sun Oil Co. 

Geo. R. Boyle et al. 

W. R. Davis & Co. 


W. R. Davis & Co. 

W. R. Davis & Co. 

Barsodi Petr. Co. 

Royal Oil & Gas Co 
E. Stephens 


Bishop & Moss 
Denzil Oil Co. 


Denzil Oil Co. 
Interstate Minerals 
O. W. Killam 

W. C. McBride, Inc. 
Tide Water Oil Co. 


Highland Oil Co. 
Sinclair-Prairie 
Jay Simmons 


E. A. Thompson 


Royal Oil & Gas Co. 
Royal Oil & Gas Co. 
Royal Oil & Gas Co. 

Gulf States Oil Co. 
Henshaw Bros. & Atlantic 
M. M. Miller & Sons 


‘ 


per Day Choke 
or Bean, 
Fractions 
Stee dur many a 
1 P ilhons ne: 
U.S. Bol.) Gy. FE 
36 (3 hr.) 38 
122 36 
11.5 Pump 
38 2-in. 
tubing 
3.5 34 
23 13.8 2-in. 
tubing 
45 1 1g 
26 Gas 1g 
118 4 
2.06 3% 
10 
16 Gas V4 
60 Gas 542 
20 0.5 36 
18.5 1.5 1g 
75 38 
175 0.8 4 
15 5 14 
85 
25 
113 36 
1.8 4 
201 
183 
66 
68 Gas a) 
50 (fluid) 0.05 
100 Yea 
50 3 
12 0.84 346 
70.7 1.6 4 
122 14 
6 3 
180 _ 
86 1g 
38 Gas aS 
1 346 
Gas 
25 Pump 
1,968 
35 2.5 36 
Spray 5 346 
25 % 
45.5 if 
tain 
ubin, 
25 : 
Blowout 
My 
Ug 
20 yy 
U4 
562 
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OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING I940 


Pressure, Lb. 
per Sq. In. 


Casing | Tubing 


260 30 
1,500 1,175 
270 

430 

1,250 

500 275 
630 80 
850 

750 

1,900 1,820 
800 750 
660 

450 286 
1,300 1,200 


1,100 (shut in) 
650 50 


1,350 825 


1,475 1,000 
2,125 (shut in) 


1,050 950 
1,825 | 1,250 
240 

1,135 590 
1,050 | 1,900 
600 

300 

785 650 
450 

1,150 470 
350 75 
870 

1,350 925 
850 700 
1,100 | 3,875 
2,025 900 
1,200 600 


Remarks , 


Opened East Peters field 
Opened Bridwell field 

Opened East Fitzsimmons field 
Opened Kreis field 


New 1200-ft. Frio sand, Seven Sisters 

Wildcat 6 miles NW. of Freer: 
(Lundell field) 

Wildcat 3 miles NW. of Blanchard 
field (ext.) 

Extension Bridwell 

East ext. Conoco Driscoll 

Discovery West Casa Blanca 

16 mile SW. ext. Hoffman 

New sands and ext. Sejita 

Between Sweden and Benavides 

1 mile SW. ext. Hoffman 

New 2900-ft. sand for Govt. wells 

Ext. Charasmousca 


Opened Manila field 
ykeg ext. and new 3600-ft. Cock- 


field sd. 
Onsasd Holbein field 
Disc. Patal field 


New 3775-ft. sand 

New 3725-ft. sand 

New 3650-ft. sand 

Opened Yzaguirre field 

Opened Sate Rincon 

Opened Bo: vg : 

New 5200-ft. sand, Yzaguirre : 

New 6400-ft. sand 

New 5400-ft. Jackson sand 

New 4400-ft. Vicksburg sand 

New 3800-ft. Frio sand 

New 4000-ft. sand 

Another 3800-ft. Frio sand 

New 3900-ft. sand 

New 3100-ft. Frio sand 

Opened 4600-ft. sand, Kelsey } 

Opened Cook Mt. sand in Arrayg ) 
rande 

Extension Ricaby , 

a production a extension | . 


1 
New! 2600-ft. Jackson sand 


, 


Opened Glen field a 
Opened south O’Hern field 
Opened McBride field P| 


yi athe test and new 5600-ft. Queen | 
New s0004 Cook Mt. sand 
Dee; t. Dry : 
Extended ‘Glen into Zapata Co. 
Extension Lopena 
Discovered Nichols field 4 
Opened Nichols field . 
New 4100-ft. Frio sand a 
, 


New ed Orange @ 7322-8182 ft. 
one rane Grays 
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Bridwell Field.—Bridwell field was opened 


on June 25 by Bridwell Oil Company’s 


Rogers Estate No. 1-A, J. Poitevent survey 
21, three miles southwest of the Fitz- 
simmons field. After a two weeks flow of 
gas, production turned into oil, gauging 
122 bbl. of 43.6° gravity oil daily through 


_ 3{6-in. choke under 1175 lb. tubing pres- 
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East Fitzsimmons Field—Sun Oil Com- 
pany’s M. Garcia No. 1, A. B. and M. 
sec. 407, two miles east of Fitzsimmons 
production, opened this new field on May 
18 when it pumped 11.5 bbl. of 43.7° 
gravity oil from perforations at 4901 to 
4910 ft. in a Yegua sand at 4gor to 4916 
feet. 


_ sure and 1500 Ib. casing pressure. Perfora- 
“tions were made at 4323 to 4325 ft. in a 
Pettus sand at 4321 to 4327 feet. 


y 


TABLE 2.—(Continued) 


2-in. tubing, 


Kreis Field—Swabbing 38 bbl. of 29.2° 
gravity oil through 
Howeth’s Lillie Kreis No. 1, I. G. N. survey 


Ike 


“Z Important Wildcats and Semiwildcats Drilled in 1940 
4 
od 
= 
; Total Pr Deepest 
i County Well Name and Location Depth, aca ea onan 
Z Ft. Tested 
a 
‘ Wellsictctxaug ted cake 08 Thiel No. 1, G.C.F.T. subd. block 25 4,945 | Lissie Frio 
a in Wella Mines teen tsi Grossman No. 1, Casa Blanca grant 5,785 | Lissie Vicksburg 
meeO0 | Jim Wells... 2.002... 000-5 Wm. Koehler No. 1, Casa Blanca grant 5,068 | Lissie rio 
epi | Jim Wells... 2. cee. ene Hornsby No. 1 (La Gloria-Recompletion) 7,227 | Lissie Vicksburg 
Sees2rl Jim Wells...2 sass<s< 5220s M. MeNeil No. 2 (Wade City) 4,930 | Lissie Vicksburg 
Rees 0100 WANS. Scie aes sels Carver No. 1 (Wade City) | 5,292 | Lissie Vicksburg 
64 | Jim Wells,............-.- A. Mueller No. 5 (Wade City) 4,928 | Lissie Vicksburg 
feos: Jim Wells..........0.. 0-0 Whatley No. 2-A (Ben Bolt) 5,295 | Lissie Vicksburg 
me66 | Jim Wells... .....0..5..-+- M. W. Smith No. 1 (Ben Bolt) 5,600 | Lissie Vicksburg 
meeo7. | Jim Wells. <7. .,..cf.0 5... Muil No, 5 (Clark-Muil) 5,711 | Lissie Vicksburg 
68: | Jim Wells..:.........+.-+ Seeligson No. 14 (Hast Premont) 6,802 | Lissie Vicksburg 
med | Jim Wells. .........0...-- Schroede No. 1 (Orange Grove) 5,096 | Lissie rio 
70 | Jim Wells........... 20+. Spoetzel No. 1 (Wade City) 4,814 | Lissie Frio 
Bet Wim, Wells... <5. 2020-2 Wendt No. 1 (Wade City) 4,940 | Lissie Vicksburg 
eyo | dim Wells. 2.00.0... 56+ Gallagher No. 2 (Gallagher) 6,260 | Lissie Jackson 
e735 | Jim Wells..:........0.+5- Schumacher No. 1 (Wade City) leet 5,002 | Lissie Vicksburg 
Bera | Jim Wells... 00... 066.0005 Reynolds No. 1, Survey 209 (Magnolia City) 6,289 | Lissie Vicksburg 
ers) |JimiWells... us .s000 0.0 Pundt No. 1, Wright survey (Wade City) 4,974 Lissie FA Vicksburg 
MON Kleburg....i ccc: es < 0s. 2 State No. 1, tract 385, Laguna-de-Los Olmos 9,428 “Submerged” Frio 
Mezy.| Kleburg.v.... 3.62.04 ++. State No. 1, tract 169 (Bird Island) 7,572 |‘‘Submerged” | Frio 

BIS MIWNGUCER EC iiaiictniclars eine as State No. 1-D, tract 30, Laguna Madre 6,955 Submerged Frio 
B79 | Nueces..c.n.. 2+... a1c-000 Moore No. 1, sec. 143 6,774 | Beaumont Frio 
4 80 | Neuces ...| Greene No. 1, sec. 6 (Stratton) 6,805 | Beaumont Frio 
81 | Nueces .| Studer No. 1 (Robston) 7,525 | Beaumont eee 
82 | Nueces...... .| Bertram No. 1 (Stratton) 6,578 | Beaumont ee 
- 83 | Nueces........ .| Union Central No. 1 (Stratton) _ 7,168 | Beaumont We : 
MeSt | Nueces: 5 nce. nee oe Fee J. W. Howze No. 1, sec. 56 (Minnie Bock) 3,827 | Beaumont Catahoula 
«8 .| Union Central No. 2 (Stratton) 6,532 | Beaumont Frio 
4 ; have No. 2, tract 974 (East White Point) 6,362 | Beaumont Frio 
87 .| Guaranty Title No. 1 (Agua Dulce) 7,227 | Beaumont Frio 
_ 88 _..| Allen & Gallagher No. 1 (Shield) 7,806 | Beaumont Frio 
39 .| Dabney No. 1, sec. 80 7,503 | Beaumont Vickshure 
90 Chapman-Estate No. 1, sec. 78 7,628 | Beaumont one 
91 .| McCoy No. 2 (Agua Dulce) 7,050 | Beaumont Frio 
MeO? (INUCCES.c 6 cine nem ee ee ee H. Flynn No. 5-B (South Clara Driscoll) 6,000 | Beaumont rio f 
B03 |\Nucces........5- 0000s. Texas No. 1, survey 723 (Corpus Christi) 5,200 | Beaumont Heterostegina 
94 | Nueces..............-----| Sellers No. 1, sec. 204 (Stratton) i 6,915 peeon ha 

95 | San Patricio.............. Baldwin No. 7, sec. 46 (East White Point) 5,696 Rodel Ene 

> 96 | San Patricio.............- BE. A. Rachal No. 38 (Hast White Point) 6,315 | Beaumont Frio 

oy San Patricio...°.........-+5 Peoples & Nichols No. 1 (Aransas Pass) ey - vium ; Aah es 
98 {San Patricio. .i..0. 05.5: Hart No. 1, Burgess survey (Odem) (fn Feoumen Me et 
99. | San Patricio............+- Lovett No. 1, sec. 13 (East Mathis) Oe ehaetet wy g 
SOO) San Patricio. a... 6... Ivey No. 1, sec. K, Paul subd. (Midway) 6,50: Laon oo 

101 | San Patricio.............. San Antonio cae aot aeneey SAG : ae Hesumont se 

ici . 1, sec. as k i 

103 ee ee Willewae hati No. 1, aan Juan de Car-| 9,003 | Beaumont Frio 


AA Woks iad 


ricios grant 
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68, four miles east of the Loma Novia field, 
was brought in on Oct. 23 to open this 
field’s production from perforations in a 
Loma Novia sand at 3249 to 3258 feet. 
West Casa Blanca Field.—This area, 
considered to be an extension of the Casa 


TABLE 2.—(Continued) 


Important Wildcats and Semiwildcats Drilled in 1940 


Initital Production Pressure, Lb. 
per Day Choke per Sq. In. 
or Bean, 
Drilled by Fraction s 
Oil, | wiliens | Inch | Casing | Tubi 
‘ ilions ne asing ubing 
U.S. Bbl. Cu. Ft. 
58 | H. R. Smith, Inc. 20 (fluid) 1g Ld 
59 | Henshaw Bros. 312 6 825 
60 | H. R. Smith Gas producer indicated 5,049-5, 068 4 
61 | Magnolia Petr. Co. 155 6 675 300 
62 | Rodney Delange 191 346 800 400 
63 | Hewitt & Daugherty 24 0.5 1% 1,650 1,520 
64 | Anderson Prichard Oil Co. 122 964 175 
65 | Cimaron Oil Co. 140 4 0 625 
66 | Earl Calloway 90 (Gas lift) 
67 | Frank J. Gravis 5 2 %a ,900 1,750 
68 | Magnolia Petr. Co. 265 1164 1,975 1,650 
69 | H. H. Howell 140 164 1,000 800 
70 | Esves Oil Co. 110 lg 900 400 
71 | Henshaw Bros. 168 1h64 1,100 600 
72| M. M. Miller Spray Gas 549 1,650 1,330 
73 | Smith & Mosser 108 1g 850 420 
74 | Pure Oil Co. 2 
75 | Gilcrease Oil Co. 97 
76 | Skelly Oil Co. 136 4 1,225 
77 | Pure Oil Co. 24 36 
78 | Humble O. & R. Co. 177 Lg 1,725 
79 | Fred W. Shield 152 1g 1,050 925 
80 | Gulf Plains Corp. 200 20 
81 | Richardson Petr. Co. 226 4 300 
82 | Southern Minerals 76 340 1,250 900 
83 | 8.E.W, Oil Corp. 160 4 1,060 700 
84 | Wellington Oil Co. 61 540 680 140 
85 | Baytex Oil Corp. 170 1g 925 1,325 
86 | Sinclair-Prairie 135 lg 925 
87 | Richardson Petr. Co. 165 lg 1,750 
88 | Shield, Allen & Morris 153 1.5 542 2,525 2,385 
89 | F. A. Gillespie & Sons 90 96 14 2,560 | 2,450 
90 | Seaboard Oil Co. 5 1.5 346 1,370 1,320 
91 | Richardson Petr. Co. 187 14 1,906 | 1/375 
92 | Texas Conservative 119 1164 780 375 
93 | Humble O. & R. Co. 0.165 46 180 
94 | Conroe Oil Co. 161 
95 | Houston Oil Co. 130 lg 1,550 | 1,050 
96 | Republic Gas Co. 30 Gas “6 2,240 850 
97 | Baytex Oil Co. Oil Gas 2,800 2,600 
98 | Wood & aga 50 14 175 
99 | Seaboard Oil Co. 140 lg 1,350 1,000 
100 | Stanolind O. & G, Co. 97 \ 860 530 
101 | Sam Auld & Tex. Gulf Prod. Blowout 64 1,350 1,100 
102 | Texon Royalty Co. Gas 1,600 
103 | Pan-American Prod. Co. 263 350 


Number of wells drilling Dec. 31, 1940..... 
Number Ze oil wells completed during 1940.. 


Number of gas wells 


completed 
Number of dry holes completed during 1940 


during 1940. . 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1940 


Blanca field, was opened on Oct. 
Magnolia Petroleum Company’s D.C.R.C. 
No. 1, Poitevent survey 289. Initial pro 
duction was 2,000,000 cu. ft. of gas through 
3¢-in. choke from a Jackson (Cole) san 
at 994 to 1006 feet. 


1 by 


In Proven Fields 


Remarks 


Discovered West Orange Grove — 
Opened Henshaw 

Wildcat 3 miles east of Orange Groy: 
New 7000-ft. sand 

New 4900-ft. 
New 5200-ft. 
New 4900-ft. sand 
New 4900-ft. 
New 4800-ft. sand 
New 5500-ft. 
NE. ext. East Premont 

NE. ext. Orange Grove 

North ext. Wade City 

SW. ext. Wade Cit, 

New 5700-ft. Vicksburg sand 
Southwest extension 

New 5500-ft. sand ; 
Crude in ee sand (Pundt) — 
Opened Baffins Bay 4 
NE. ext. Bird Island 
Opened East Flour Bluff ; 
Opened Shield field 

North ext. Stratton q 
New 5200-ft. sand: z 
Crude in distillate sand } 
New 6600-ft. sand a 
ides Clara Driscoll and Minmie( 


‘oc 

New 6500-ft. sand 
New 5800-ft. sand 
East ext. & oil in distillate san 
Ext. North and new 6900-ft. 
Opened East Agua Dulce 
Opened East Lub: 

New 6800-ft. san 

New 5800-ft. sand 
Extension 

New 6400-ft. sand (crude) 
New 4900-ft. Het. sand 
New 5700-ft. sand 

New 7400-ft. sand 

First crude in Odem 
New 5600-ft. sand 
North extension Midway 
Junked crater 
Southwest extension 
Opened Willamar field 


9 
fox By Cae 


oP i a GE hentia eral S "aay oe aah 


Rank Wildcats 


SRW PTR we] 


112 
1,048 
60 


212 


Se et 
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: ‘TABLE 3.—Deep Wells Drilled during 1940 
County Location Company and Well se eae he Results 
LAREDO District, WELLS DRILLED TO 6000 FEET AND BELOW 
he Southland field meee ao & G. Co. South- 6,015] Yegua Dry 
an 
BPGVAal. oc. w ss Benavides field Hiawatha. & G. Co. South- 6,005] Yegua Dry 
¥ land No. 22 
Marval. oo... Benavides field Henderson, Coquat, et al. M. 6,025] Yegua Dry 
> Momeny Estate No. 1 
Beuval....... Sejita field Standard of Texas. A. B. 6,838| Yegua Oil 
E Rodriguez No. 1 
Duval......-. Wildcat, sec. 62 C. Andrade III. Miller No. 1 6,016| Yegua Dry 
jim Hogg -| Wildcat, 15 mi. SE. Heb-| Humble Oil & Ref. Co. 6,270] Mt. Sel- Dry 
bronville Mestina No. 1 (3) man 
Jim Hogg....| Wildcat Humble Oil & Ref. Co. 6,383] Mt. Sel- Dry 
- : Mestina No. 3 (5) man (y) 
Jim Hogg .| Wildcat, S. A. Baluarte Humble Oil & Ref. Co. 6,042] Mt. Sel- Dry 
grant Mestina No. 4 (6) man (y) 
Jim Hogg Wildcat Humble Oil & Ref. Co. 6,000] Mt. Sel- Dry 
Mestina No. 5 (7) man (¥) 
Jim Hogg Wildcat, Santa Rita prospect | Humble Oil & Ref. Co. 6,012] Mt. Sel- Dry 
Mestina O. & G. No. 3 man (y) 
Jim Hogg Wildcat, 7 mi. east Heb- | Humble Oil & Ref. Co. 6,025] Yegua (y) | Dry 
bronville Mestina O. & G. No. 4 
Jim Hogg .| Wildcat, C. & M. survey 389 | Humble Oil & Ref. Co. 6,406| Mt. Sel- Dry 
Mestina No. 4 (2) man 
BISGATIO. sees oe» Wildcat, 6 mi. NW of Sun Magnolia Petr. Co. 6,814] Yegua Dry 
a Yzaguirre No. 2 
BMDGAT IE cs. hace Extension Sun field Sun Oil Co, Rodriguez No. 1 7,507| Cook Mt. | Gas 
| a eee Yzaguirre field W.R. Davis. Seyfriedt No. 1 6,006] Yegua Oil ae gas 
BSCALT. 2.0 cee Wildcat, Santa Cruz grant Eceange Petr. Co Fo B. 6,640] Vicksburg | Dry 
e” uerra No. 3 
Se Wildcat, Porcion 87 Marr & Brown. Bass No. 1 6,087| Yegua Dry 
BVebb......... Cole Bruni Tide Water. Bruni No. 7 8,950} Wilcox Dist. and gas 
~ . . ral * 
BRUVCD ID. 0. ee oe ildcat, sec. 585 inclair-Prairie. allaghan 9,501 1ilcox Ty 
ig bb Wildcat 8 a lair-P Callagh Wil D 
, On 
“Webb ae c.45 Cole Bruni Tide Water. Bruni No. 8 10,295| Wilcox Dry 
4 SoutH Corpus CHRISTI DistTRIcT, WELLS DRILLED TO 7750 FEET AND BELOW 
“Brooks....... Wildcat, survey 31 West Prod. Co. Cage No. I 8,518| Vicksburg | Dry 
“Brooks....... Wildcat, sec. 16, 5 mi. N. of | Sun Oil Co. Boedecher-State 8,748] Jackson Dry 
< Encino No. 1-A : 
Bsrooks....... Wildcat, Loma Blanca grant | West Prod. Co. Ehlers No. t 8,824] Vicksburg | Dry 
-Cameron..... Wildcat, Santa Isbell grant | Sal Vieja Oil Co. & Pure Oil} 10,307] Vicksburg | Dry 
Co. Garcia No. 1 ; § 
Hidalgo...... Wildcat, Porcion 64 414 mi. | Humble Oil & Ref. Co. Ogg 8,605| Vicksburg | Dry 
SW McAllen No. I ; ; ; 
Bilidalgo...... San Salvador field Galt States Oil Co. Cardenas 8,702] Vicksburg | Oil and gas 
0.2 
lidalgo...... San Salvador field paul States Ou Oil Co. C. C. de 8,004] Frio Oil and gas 
avazos 
SHidalgo...... Wildcat, Missouri Texas | Humble Oil & Ref Co. Amer-| 8,524] Vicksburg | Dry 
Land subd. ican Life No. , 
‘Kleburg peta: Wildcat, Rincon de Santa} Humble Oil & "Ref. Co. Mork 7,920| Frio Dry 
Gertrudus grant INGOs) 2 : 
Wisbare tees Baffins Bay field (disc.), | Skelly Oil Co. State No. r 9,428] Frio Oil 
tract 38 F p : 
ENueces Pao tee Sane Sot Eevee O. & G. Co. Smith | 10,892] Vicksburg | Oil and gas 
2 ; oO. 8- : 
“Nueces........ Wildcat, F. B. & E. subd. Humble O. & R. Co. Duncan 8,050] Frio Dry 
: o. I 
“Nueces ee Wildcat, sec. 159 Continenal Oil Co. Davis 8,027| Frio Dry 
, o..t . f 
N .....| Wildcat, s I Pure Oil Co. Little No. 1 8,957| Frio Dry 
Be cces: ot al Shield Reid ea atl ihe & porte: Allen & Gal- 7,806] Frio » Oiland gas | 
. agher No : 
N ...| East Flour Bluff field aoe Oil & Ref. Co. State 8,395] Frio Dry 
-Nueces.... No. 
x Riverside field sieeiad Oil &. Gas Co. 7,750| Frio Dist. and gas 
Nueces....... Tere NO. 
< ..| Aransas Pass field H. H. Howell. Gilchrist No.1 8,356] Frio Oil 
ee eee Wildest, Wm. Bell survey | Tide Water and Sinclair. 7,817| Frio Dry 
Ragsdale Bros. No. 1 : 4 
Ban Patricio..| Aransas Pass field Oe Minerals. Carlock 8,750] Frio Oil and gas 
fo) 4 ‘ 
Willacy Willamar field (discovery) Pan Rimerteus Oil Co. Wil- 9,002] Frio Oil 


vw ——-s = 
i" y , 


lamar Community No. 1-A. 


. 


TaBLE 4.—Total Number of Wells Drilled in South Texas Fields during 1940 


AREDO DISTRICT 5 Dis- 
Dis- Field tillate | Gas | Dry: 
Field tillate | Gas | Dry or Oil 
; or Oil LarREDO DISTRICT (CONTINUED) 
ia Rig EI Duval County Zapata County 
SETA VIGESs ceqiode sie eictae eeteay ts) I 3 |Charco Redondos.. 2a Waa, eee to) to) 44 
Bric well vij.c:tvateutporsies s shere sage whats 5 ia) 2: | Comitas ins. apepeiar ows atwiere ae even 5 0 od 
BPtieid Pes elaine ieee mene atone i) i) t. |Caelkar ss cies win ucla eee eke 3) ts) I 
Casa Blancal..... 0.6.00... eens: 7 2 7 IEsCobas “cance. 2 ek ine olere Seen II I Ad 
Cedro Hallie se usieintoeien casi cue nit 47 4 F< || Glens foster occa oe eas orcs oie ce ce 5 fe) od 
Charamousea ieccat oe scitoees «ot I ts) CM Rfastel eli yee wee Goh saga aS 3 I z 
Chiltipin sn3 aes erotica eae tate I (9) S LopenGg ak. c7. 2 osieparetaingele tenets oO I od 
eens Driscoll ee aalteiee 16 ts) 5 iMarando Valley 0.2. ) emi 27 I 7 
VEZSUTA MOUS 5.25075 ocaeis Sie ueih acd cnet ace 2 ro) to) ; 
East Fitzsimmons............... r ty) ty) Ror Sopra ee 5 ee hs i a7 
Government Wells.......62es00 I o 3 Grand total, Laredo District...| 593 45 | 1604 
FROM At ve cc ie ieee ode eyeesere 31 4 13 SoutH Corpus Curisti DIstRIct ; 
AGL RS TOME Oo Men oe I co) () Brooks County . 
Loma, NOvigues«cdeose-st coi ate () te) I - 
Longhornenen. con see ores 7 ° z Alta Verde...............-...-- ° ° I 
Tern dell ober ct eo ee 25 2 7 Kelsey cc 3 Secure Pevostie wa te eee eta 2I o|_s 
Muralla (Blanchard).... I I I “TOLAL icc.» Set cake te te Ce 21 0 Aq 
OHS Sy tkyorae nema ne ) co) I Hidaleo County 
Peters avec ce eet rata to) I 2 | Nichol — 
Hast. Peterss: 2.1. lero 3 o y |Nichols.......--.-.-+eeeesee eee z ° on 
Piedre Lambre ssa ncac. eee cee 2 0 2 San Salvador..............-.... 2 9 od 
PiedrasiPintasan Jest gee = 0 0 2 |Sullivan City.......-....-.-.... Sie FS Bl a) 3 
Rancho Solo......265 se ce+-- 00: 6 Co) 4 20 ° 8 
RUEUNE PG cansaee oguecsaatio ome. 406 I (0) ° 
Seven /Sisterd snp an cle aor r 2 4 2 —- 
Southlandiics sissies ten o I E 13 9 4) 
Sweden eaace ta Aleot es a 0 ° 28 ° 44 
‘Tarancaliiastetsy. cain restated o. 28 ° 5 o a aig 
Tesoro, 2. eee conn mere te) ° I 2 oO 2 
S| I oo 
TOtad xntecicrd bhe% wa ele ea Ae «0 189 20 75 \\Magnolia City. 5 2 * ; 
Jim Hogg County Orarige’ Grove jela:). me eerie 19 oO ‘Af 
Premont.27./2: sah ees eka 18 oO o6 
Colorado.. 96 2 1 {East Premont.. ij - tcc I ts) on 
Henne-Winch-Farris. . (7) oO t; [Reynolds noo... seas oe nee 3 rs) 2 
Holbein.. I te) Of [SaNdidec... ein Sale ae ee ee to) ° rq 
Holland-Hebbronville (Gutierrez) I ° 2 |Tom Graham (East Alice)........ a oO Tq 
BO EE tere oot ero eraetiya iy tas ar 2 ta) a Wade City sic 15s eee ee eee 74 2 ve 
Monies see eal yo | 7a Pe ea See iene ee 168 {| 61 @ 
Patalieaarts.cccsnis ss taeprmeione a) I oO Kleburg County H 
ST NE A ee ete, Se cae oie aay Badfiins:Bayt/=<5)...3cteae aera I () 0! 
a ee Bird Ssland > ono. on one ae I re) 3 
La Salle County Total..g.0h Sar sate ee eee ee 2 0 rn 
Washburn (total for county)..... | t [reg o Nueces County 4 
McMullen County Agua Dulesss fis Vovece emis 16 2| @a 
: piece eB ag Rast Agua Dulce? AG actin ote I oy 0 
Callibamagnrse eee cones ate ane 4 i) 8 ||North gua Dulce. wes. ae ORE ER ° ° a 
HA COURS snes eure tcl eee ee arene fs) ts) tr. |Clara: Driscoll::.... 2a eee 4 I 0D 
WWunsOI; maint, Piconeiioiee wine. Os 3 0 2 South Clara Driscoll............. 29 I 22 
Ally ORO vaatteea to awe tule aate te) © fCorpus: Christi sc. cnaah oe eee ° I oO 
Totals Seman sie aaah ett 7 ° 12 "pet Flour Bluff................ 10 (0) a 0 
RD Ye a:4.0'9 oe ww ielets eine Sine tative LSligt sive I ! 
Starr County ferent ps! Lida lect de caytnre Oke rete I : 4 
Orth Luby... eee eee I ° 0) 
Barbeooshe aiirwiseciiets| ce] oe |g |Mipaais Bockonras seat aaa | o| 2: 
Ly opall Wraek aio se Oeithr chara: GeO. 8 0) 4 Richer, FING Sie kth Ph repens 9 Me a 
POLE GmGUIGe tse charted: eieielete retatiNts 2 0 3 IR tees peas y re 2 I, : 
Hayden tsa, icon Mud tenia Sines 0 I 0 aedet ecaae x 9 a 
Woe OMUGseh ais tac eer iy cea I 0 @ faked fo Nee cla ee eee 3 9 it 
Keleey ins aatsajuavsitns anes t a Wainigtt i 8 I 2 Brathan, See oe ey ge tier ae cs . 9 
Rincon | af | or] 3 [Bast White Point on 23| 21 0) 
Nontin RIM COn ry 5 fa'<se)acganistauainte Bias 4 te) o |__total..........-...- eee eee 8 
pay Pe FM OP ot eer Ce MN I I ne ; 
Sutitdrerendh oxo wa woe as Cuerarrte ass 32 I 2 Aransas Pass . . 
nel! Oa) Mon epa) se Bb Kats allele 4 2 
Yuaguirre.... 00+... eee eve eee e es = 0 E> Bast lat pissy s aries een eeceien Be be a: 
Total... 0+... eee top | 8 | 23 Midway... sense ace eterna Gee of of BI 
em I 0) 
Webb County Plymouth, ix) ¢s-.saku eee 7 : 4 
INC: ER eae a ee 52 I 2 |East ast bebe teen ee ees ) I 4 
TNCs y PR MO REE eM oe loathe 0 0 BP WN a Ae REY erties, mney Seer I to) r 
SF bhal Wea tptsnce sore eeieMeair ast ur efeeac Me I I 3 oO to) } 
Garolina=LOSab ness seid sehteeaie eee to) I I 8 I 4 
Ww 7 0 7 5 
dis haeiettn, 13 bos. al cleaner 40 3 3 
° v ro) : 
0 I o | Willamar (total for county)....... 0} 
I I 0 Grand total, Corpus Christi j 
I ° Os) District... Senet cemcepettn cae 
21 I 5 
Fa chao rate dae GONE IE TORT LATS 12 10 2 


1Includes West Casa Blanca. 


2 Also one oil well in Live Oak portion of Ezzell field, i i : 
portion of Aransas Pass field. paints ai agree oi Ng tat Coumey 
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New Sands in Existing Fields, 
Duval County 


Seven Sisters Field—Reynolds and Rich- 
ardson’s Drummond No. 2-B, sec. 308, one 
mile northwest of the Seven Sisters field, 
was completed in a Frio sand at 1232 to 
1262 ft. for a flow of 3,500,000 cu. ft. of 
gas daily through 34-in. choke under 270 lb. 
pressure. Perforations were made at 1233 
to 1244 feet. 

Sejita Field—Standard Oil Company of 
Texas’ Rodriguez No. 1 well, 34 mile 
north and slightly west of the field’s dis- 
covery well, was completed on March 12 


TABLE 5.—Rank Wildcats (New Field Dis- 
coveries) Completed during 1940 


_. | Crude/or Dr 
County Oil | Distillate | Gas Holes 
and Gas 
LarEpDO DIstRIcT 

ENG a cilyeie onto ani ners 4 fo) I 62 
JipkssW! 8 cyt -enr ahaa Ea 2 o I 28 
Mea Salle eves isiert cette 2 I to) (a) 6 
McMullen........... (a) to) () 28 
SSPE GEevatcbebehehd fuss de sas 2 I Ce) 25 
WWelo Dives << «vases I I I 45 
EAD EET rats) Setter eles (0) (0) to) 28 

Motalleoae cme se: oet 10 2 222 

Average, one new field for every 16 rank wildcats. 

SoutH Corpus Curist1 District 

BHOOIS tn cnai ocd niet (0) to) (a) 5 
Cameron. ft). 2 des (0) te) ° 3 
PGA Orta ome hyo, to) to) i 
Ste ElIS 2 (00s see - 3 to) Co) 29 
IMG TEUY: clverg ts cote 34s] O (0) fo) Co) 
ale bra ois. steers I to) to) I 
INECRESE ci Gon p oar 2 2 to) 26 
SamipcbriciOle aw ele 2 e- to) (0) ° 18 
NVAGT NA CY cusy 9 ch evalsusas “eros I (0) to) Ce) 

AOA. 4 hich: Sete st 8 2 89 


o 
Average, one new field for every 10 rank wildcats. 


for a flow of gas with 16 bbl. of 52° gravity 
distillate through }4-in. choke under 750 lb. 
tubing pressure, casing sealed. Production 
was obtained through four sets of perfora- 
tions (5647 to 5660 ft., 5569 to 5581 ft., 
5524 to 5560 ft., and 5476 to 5480 ft.) in 
‘a Hockleyensis distillate sand series be- 
tween 5476 to 5675 ft. The well had also 
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found a Yegua sand, which showed gas and 
distillate at 6790 to 6838 ft. (total depth). 

Government Wells Field—Sun Oil Com- 
pany’s Weiderkehr No. 70, survey 350, 
flowed much gas along with 186 bbl. of 
oil from perforations at 2082 to 2985 ft. 
in a Pettus sand. Flow was through -in. 
choke under 660 lb. tubing pressure. Gas- 
oil ratio was 8325:1. 

Conoco Driscoll Field——Continental Oil 
Company’s Driscoll No. 1-B, B. S. and F. 
survey 481, was completed for a flow of 
118 bbl. of 23° gravity oil from perfora- 
tions at 2530 to 2535 ft. ina Jackson (Cole) 
sand. This well, a southeast extension to 
the field, is thought to have opened a new 
sand level. 


Jim Hoce County, LarEpo District 


Manila Field—Daubert and Achning’s 
Wood No. 1, sec. 82, one mile west of the 
Randado field, was completed on June 5 
to open this field from Pettus sand at 2603 
to 2613}4 ft. Flow of 175 bbl. of 24.9° 
gravity oil was obtained through 14-in. 
choke under 286 lb. tubing pressure and 
450 lb. casing pressure. Gas-oil ratio was 
7001. 

Patal Field.—Patal field was discovered 
on July 14, by Patal Drillers and C. B. 
Peters Inc.’s D. Guitierrez No. 1, sec. 
579, five miles northwest of Randado 
production. The well gauged 25,000,000 
cu. ft, of gas on open flow from perforations 
at 3124 to 3127 ft. in a Yegua sand at 
3120 to 3130 ft.; shut-in pressure was 
1100 lb. Mirando was topped at 2423 ft., 
Pettus at 2836 ft. and Yegua at 3008 feet. 

Holbein Field—Guy A. Davis’ Holbein 
(McLean) No. 1, sec. 4, Holbein subdivi- 
sion, flowed 85 bbl. of 26° gravity oil to 
open this field from a Pettus sand at 2795 
to 2811 ft. on Oct. 1. 


New Sands in Existing Fields, 
Jim Hogg County 


[ Holland-Hebbronville (Gutierrez) Field.— 
On Sept. 14, the Texas Company’s E. L. 
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Armstrong No. 1, sec. 90, 6000 ft. south 
of the field’s discovery well, opened Cock- 
field production for this area from sand 
at 3618 to 3656 ft. The well flowed 5,000,- 
000 cu. ft. of gas and 15 bbl. of 55° gravity 
clear distillate through 14-in. choke, 
under 1200 lb. tubing pressure and 1300 lb. 
casing pressure. 


La SALLE County, LAREDO DISTRICT 


Washburn Field —H. R. Cullen’s Wash- 
burn Ranch No. 1, survey 67, eastern 
La Salle County, flowed 113 bbl. of 41.5° 
gravity oil from perforations at 4860 to 
4867 ft. in the Wilcox, which was topped 
at 3612 ft. Flow was under 50 lb. on tubing 
and 650 lb. on casing. Before completion, 
on Sept. 17, the well had been drilled to 
8300 ft. and had tested a gas sand at 4740 
to 48209 ft., and sands showing oil at 5060 
to 5067 ft. and 5417 to 5425 feet. 


STARR CouNTY, LAREDO DISTRICT 


Yzaguirre Field—Complete Oil Well 
Service, Inc.’s M. F. Yzaguirre No. 1, 
survey 227, two miles east of Rincon, 
flowed 68 bbl. of 48.1° gravity oil on Aug. 
14 to open this field from perforations 
at 4612 to 4618 ft. in a Frio sand at 4610 
to 4620 ft.; pressures were 825 lb. on tubing 
and 1350 lb. on casing. Previous perfora- 
tions at 4896 to 4904 ft. and 4716 to 4726 ft. 
each resulted in showings of gas and 
distillate. 

W. R. Davis’ Seyfriedt No. 1, sec. 928, 
flowed 3,000,000 cu. ft. of gas and 50 bbl. 
of 56° gravity distillate from perforations 
in a Vicksburg sand at 5234 to 5246 ft. 
Closed in pressure was 2125 lb.; total depth 
6006 ft. in the Jackson. 

North Rincon Field.—North Rincon field 
was opened on June 3 by Sun Oil Com- 
pany’s Lehr No. 1, sec. 513. It gauged 
50 bbl. of fluid per hour, 75 per cent 
44.6° gravity oil, along with gas, from 
perforations at 4127 to 4137 ft. in a Frio 
sand at 4127 to 4178 feet. 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1940 


Transwestern Oil Company’s and Rowan 
and Hope’s Cameron No. 1, sec. 228, 
completed in May 1939 as the supposed 
discovery of the North Rincon field, is 
now considered to be in the rapidly ex- 
panding Rincon field. ; 

A Vicksburg sand was opened on Oct. 
7 by Sun Oil Company’s Mateo-Saenz 
No. 1, survey 80. This well flowed 70.7 bbl. 
of 47.5° gravity oil with gas daily through 


TABLE 6.—Texas Railroad Commission 
Production Schedule for 1940 


Number of | Number of 


Month Producing Shut-in 
Days Days 
JOWUALY -) wie noi ade 18 13 
Feburary>.. << sas Soe re 29 a) 
arclijgs ucRiginw.3 eens 31 oO 
April. ho ances sates 2 29 I 
BV tee hor can 30 I 
Janes. tek ehceeunotast ¢ 27 3 
JUS... cae aera ke 24 7 H 
PAUSE oS is.0 ase aha eas 22 9 : 
September neo 3as.0e : aos 21 9 : 
October s5.c00c-.28 tenes 22 9 
Novernber.. .). 3... kaa on 2I 9 : 
December.jiic« teaciwrotels 21 10 
oT otalenncnits ciscctle ak 205 71 A 
7 


: 5 } 
764-in. choke under 1250 lb. tubing pres-_ 


sure and 1825 lb. casing pressure. Perfora- 
tions were made at 5478 to 5481 ft. in sand 
at 5478 to 5517 feet. 

The same company’s Mateo-Saenz No. 2, 
survey 80, produced 125 bbl. of 42.5° 
gravity oil daily from another Frio sand 
at 4398 to 4402 feet. 

Boyle Field—George R. Boyle’s Stand- 
ard Trust Company No. 1, Porcion 92, 
three miles east of Barbacoas field, flowed — 
100 bbl. of 44° gravity oil through 7%4-in. 
choke under 1000 lb. tubing pressure and 
1475 lb. casing pressure, to open this field 
from perforations at 3491 to 3498 ft. ina 
Frio sand at 3490 to 3408 ft. This well was q 
completed on June 6. : 

Borsodi Petroleum Company’s Chapa de _ 
Vela No. 1, Porcion 92, extended the pro- | 
ducing area one mile south and opened al 
second Frio level at 3159 to 3179 ft. on 
Sept. 14. A flow of 86 bbl. of 47.7° gravity 
oil was obtained from perforations at — 


oi 
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3167 to 3175 ft. through 1-in. choke, 
under 590 lb. tubing pressure and 1135 lb. 
casing pressure. 


New Sands in Existing Fields, Starr County 


Kelsey Field.—Royal Oil and Gas Com- 
pany’s E. Jaurez No. 1, Santa Teresa 
grant, 6200 ft. southwest of production, 
was completed on March 20 from perfora- 
~ tions at 4675 to 4680 ft. in Frio sand at 

4671 to 4689 ft. The well flowed 38 bbl. of 
52° gravity distillate along with much 
‘gas through 1¢-in. choke, under 1900 lb. 
tubing pressure and tos50 lb. casing pres- 
sure. A higher sand, tested through per- 
forations at 4510 to 4515 ft., showed a 
~ large volume of gas along with salt water. 
The total depth of this well is 5638 feet. 

~ Sun Oil Company’s E. Rodriguez No. 1, 
Santa Teresa Grant, was completed on 
May 14 for a flow of 840,000 cu. ft. of gas 
and 12 bbl. of 55° gravity distillate from 
perforations at 6420 to 6427 ft. ina Jackson 
sand at 6421 to 6440 ft. Pressures were 
950 lb. on tubing and 1050 lb. on casing. 

Rincon Field—W. R. Davis and Co. 
opened the following Frio Sands in this 
field: 

Slick No. 6-B, sec. 528, jetted 122 bbl. 
of 38° gravity oil daily from perforations at 
3855 to 3868 ft. in sand at 3855 to 3874 
feet. 

Slick No. 2-A, sec. 485, flowed 3,000,000 
cu. ft. of gas with 46 bbl. of 56° gravity 
distillate daily from perforations at 3995 
to 4022 feet. 

Slick No. r1-B, sec. 266, flowed 180 bbl. 
of 39.8° gravity oil daily under 240 |b. 
working pressure from perforations at 
3872 to 3878 feet. 

Slick No. 17-A flowed oil from sand at 
3958 to 3973 feet. 

Slick No. 0-B, survey 266, flowed 183 bbl. 
of 39.6° gravity oil daily from perforations 
at 3727 to 3732 feet. 

Slick No. 26-B, survey 232 flowed 66 
bbl. of 30° gravity oil daily from sand at 
3629 to 3653 feet. 
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Davenport No. 1-A, survey 6, flowed 
201 bbl. of 39.2° gravity oil daily from 
sand at 3770 to 3797 feet. 

Hayden Field—Denzil Oil Company’s 
Green and Manning No. 1, Porcion 8r, 
was completed on May 23 for a flow of 
25,000,000 cu. ft. of gas from a Jackson 
sand at 2619 to 2644 feet. 

Arroye Grande Field—T. E. Stephen’s 
Guerra No. 2, Porcion 69, share 253, 
discovered a new producing level for this 
area, located 14 miles northwest of Roma, 
when it was completed for a flow of 1,000,- 
ooo cu. ft. of gas through 34.-in. choke 
from perforations in a Cook Mountain 
sand at 2148 to 2161 ft. The total depth 
of this well is 3096 ft. in the Mount 
Selman. 


WexsB County, LAREDO DISTRICT 


Glen Field.—Interstate Minerals, Inc.’s 
Lopez No. 46, survey 300, 344 miles north- 
east of the Mirando Valley field of Zapata 
County, flowed 1968 bbl. of 21.8° gravity 
crude on April 26 to open this field from 
perforations at 2178 to 2185 ft. in a Mir- 
ando sand at 2173 to 2185 ft. This field 
was quite active during the year. 

McBride Field —W. C. McBride, Inc.’s 
Pedro Leal No. 2, sec. 461, 214 miles west of 
the Cole field was completed for a flow of 
5,000,000 cu. ft. of gas with a small spray 
of oil through 34,-in. choke to open this 
field on June 1. Production was from 
perforations at 2529 to 253044 ft. in a 
Mirando sand at 2525 to 2539 ft. under 
650 lb. tubing pressure and 785 lb. casing 
pressure. 

South O’Hern Field—O. W. Killam’s 
A. M. Bruni No. 64, survey 446, opened 
this field in January when it flowed 
2,500,000 cu. ft. of gas with a spray of 
35 bbl. of 22° gravity oil through 3¢-in. 
choke from perforations at 1802 to 1806 ft. 
in Cole sand at 1796 to 18rr ft., under 
300 lb. working pressure. This well is 
2 miles south of the O’Hern area. 
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New Sands in Existing Fields, 
Webb County 


Bruni Field —Tide Water Oil Company’s 
A. M. Bruni No. 7, sec. 7, Arispe grant, 
was completed for a flow of 3,000,000 cu. ft. 
of gas and 25 bbl. of 46° gravity distillate, 
under 450 lb. working pressure, on Jan. 
20. Completion was affected in a Queen 
City (Mt. Selman) sand at 5617 to 5675 ft. 
through perforations at 5655 to 5665 ft. 
In 1939 it attempted to blow out while 
in the Wilcox at 89509 feet. 

Highland Oil Company’s A. M. Bruni 
No. 4, sec. 7, originally completed as a 
producer in a Yegua sand at 3412 ft., 
was deepened and recompleted on Dec. 2 
in a Cook Mountain sand at 3938 to 
3950 ft. The initial production was 45.5 
bbl. of 44° gravity oil through }¢-in. 
choke under pressures of 470 lb. on tubing 
and 1150 lb. on casing. 


ZAPATA COUNTY, LAREDO DISTRICT 


Glen Field Extension—The Glen field 
was extended one mile south into Zapata 
County by Jay Simmond’s Yeager-Stroh- 
man No. 1, sec. 258. The well flowed 
1280 bbl. of crude daily through open 2-in. 
tubing from the regular Mirando sand 
at 2172 to 2178 ft. Pressures were 75 lb. 
on tubing and 350 Ib. on casing. Oil-gas 
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New Sands in Existing Fields, 
Hidalgo County 


Sullivan City Field—Royal Oil and Gas 
Company’s Chapa No. 1-A, share 238, 
Porcion 39, added a new producing level 
to this field when it flowed 120 bbl. of oil 
from perforations at 4122 to 4126 ft. 
in Frio sand at 4121 to 4130 ft. Pressures 
were 700 lb. on tubing and 850 lb. on 
casing. 

San Salvador Field—New deep sands 
were established in San Salvador field by 
Gulf States Oil Company’s Josefa Cardenas 
No. 2, share 156, 34 mile northeast of 
production, when it flowed 200 bbl. of 
48.8° to 49.7° gravity distillate and 20,000,- 
ooo cu. ft. of gas daily from perforations 
at 8174 to 8182 ft. and 7315 to 7350 ft. 
in Frio sands. Production was obtained 
through _14-in. choke, under pressures 
of 3875 lb. on tubing and tr100 lb. on 
casing. 


Jim WELLS County, 
SoutH Corpus CHristri District 


Orange Grove Field—Henshaw Bros. and 
Atlantic Refining Company’s Blaschke 
No. 1 was completed on May 4 for a flow 
of 120 bbl. of 31.8° gravity oil, from a Frio’ 
sand at 5088 to 5103 ft. through perfora- 
tions at 5100 to 5103 ft., 144 miles south- 


east of Wade City production. The tubing 
pressure was goo lb. and casing pressure, 
2025 lb. The well found the Wade City _ 
horizons about 300 ft. low, and later 
developments proved the presence of a 
subsurface fault trending in a northeast- 
southwest direction between the two fields, 


ratio was 200:1. 


HrpaiLco County, SoutH Corpus CuristI 
DIstTRICT 


Nichols Field.—Royal Oil and Gas Com- 
pany’s Yturria No. 1, 7500 ft. east of 


Sam Fordyce production, discovered the 
Nichols area when it blew out from a 
Frio sand at 3132 to 3138 ft. The field 
was established as productive on Aug. 28 
by the same company’s Yturria No. 1-A, 
427 ft. east of No. 1, when it produced 
87 bbl. of 38° gravity oil from perfora- 
tions at 3497 to 3502 in another Frio sand 
at 3493 to 3503 feet. 


extending through the Orange Grove 
townsite. Production in both fields has 
been extended and now the two areas” 
join along the fault line. The Wade City — 
field occupies the upthrown northwest 
side and Orange Grove the downthrown — 
southeast side of the fault. Several Orange 
Grove completions have been made in the 
Pundt sand (Wade City discovery Frio 
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sand), which is found about: 50 ft. struc- 
turally below the field’s discovery Blaschke 
sand. 

Henshaw Field—Henshaw  Brother’s 
Grossman No. 1, three miles southeast 
of the Orange Grove townsite, was com- 
pleted in a thin Frio sand through per- 
forations at 5139 to 5144 ft. for a flow of 
312 bbl. of 31.1° gravity oil. It opened the 


- Henshaw field on Oct. 3. Pressures were 


520 lb. on tubing and 825 lb. on casing. 
Gallagher Field——M. M. Miller and Sons’ 
Gallagher No. 1, block 21, Gallagher 
subdivision, 4 miles southeast of Sandia, 
was completed on June 7 in basal Frio sand 
at 5189 to 5215 ft. through perforations at 
5189 to 5207 ft. for a flow of 146 bbl. of 
39° gravity oil. Production was under 
600 lb. tubing pressure and 1200 lb. casing 


pressure. 


The company’s Gallagher No. 2, 1511 ft. 
southeast of No. 1, was completed on 
July 19 in a Vicksburg sand at 5744 to 5761 
ft. The flow was 88 bbl. of 41.5° gravity 
oil with gas from perforations at 5755 
to 5757 ft., under 1330 lb. tubing pres- 
sure and 1650 lb. casing pressure. 


New Sands in Existing Fields, 
Jim Wells County 


La Gloria Field—Magnolia Petroleum 
Company’s Horusby No. 1, originally 
completed in 1939 in Frio sand at 6085 
to 6091 ft., was recompleted in another 
Frio sand from new perforations at 7066 to 
7080 ft. Production was 155 bbl. of 38.5° 
gravity oil through 3{,-in. choke under 
300 lb. tubing pressure and 2675 lb. casing 
pressure. Original depth was 7227 ft. in 
the Vicksburg. 

Magnolia City Field—Pure Oil Com- 
pany’s Reynolds No. 1, A. B. and M. 
survey 209, flowed 2,000,000 cu. ft. of 
gas from Frio sand at 5561 to 55609 feet. 

Wade City Field—Rodney Delange’s 
Maggie McNeil No. 2 flowed 191 bbl. of 
31.8° gravity oil daily from perforations 
at 4923 to 492934 ft. in a Vicksburg sand 
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at 4920 to 4930 ft. Pressures were 400 lb. 
on tubing and 800 lb. on casing. Through 
this well was provided the field’s first 
crude production, since previous produc- 
tion had been obtained from a Frio sand 
about too ft. structurally higher, and 
locally known as the Pundt sand. The new 
Vicksburg sand is locally identified as the 
McNeil sand. 

Hewitt and Dougherty’s Carver No. 1, 
I.G.N. survey 176, opened another Vicks- 
burg sand and extended the field’s produc- 
tion 144 miles southwest when it flowed 
534,000 cu. ft. of gas and 24 bbl. of 55° 
gravity distillate from sand at 5272 to 
5286 ft. through perforations at 5276 to 
5286 ft. Pressures were 1520 lb. on tubing 
and 1650 lb. on casing. 

A Vicksburg sand locally known as the 
Alice sand, usually found about 12 ft. 
structurally below the McNeil sand, was 
opened on Sept. 23 by Anderson Prichard 
Oil Corporation’s A. Mueller No. 5, 
Schleicher subdivision. This well flowed 
122 bbl. of 32° gravity oil from sand at 
4902 to 4928 ft. under 175 lb. working 
pressure. 

First crude production for the Pundt Frio 
sand was provided by Gilcrease Oil Com- 
pany’s Pundt No. 1. This well, in Wright 
survey, was completed on June 24 for a 
flow of 97 bbl. of 31° gravity oil from sand 
at 4813 to 4810 feet. 

East Premont Field—Magnolia Petro- 
leum Company’s E. E. Seegligson No. 14, 
Los Jaboncillos grant, was completed on 
Dec. 18 for a flow of 265 bbl. of 38.4° 
gravity oil to open a Vicksburg sand at 
6667 to 6607 feet. 

Ben Bolt Field—Cimarron Oil Com- 
pany’s D. Whatley No. 2-A, Whitman 
survey, flowed 140 bbl. of oil daily under 
625 lb. tubing pressure and 850 lb. casing 
pressure, to open a Frio sand at 4906 to 
4920 ft. Perforations were made at 4912 
to 4918 feet. Another Frio level, at 4863 
to 4875 ft., was opened by Earl Calloway’s 
M. W. Smith No. 1, which produced 90 bbl. 
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of 30° gravity oil daily on gas lift from 
perforations at 4863 to 4870 feet. 

Clark-Muil Field—A Vicksburg sand 
at 5557 to 5572 ft. was found productive by 
Frank J. Gravis’s Muil No. 5. A flow of 
2,000,000 cu. ft. of gas with a spray of 
5 bbl. of distillate, under 1750 lb. tubing 
pressure and 1goo lb. casing pressure was 
obtained through perforations at 5558 to 
5572 feet. 


KLEBURG COUNTY, 
SoutH Corpus CuHristI DISTRICT 


Baffin Bay Field —Skelly Oil Company’s 
State No. 1, submerged tract 385, Laguna 
de Los Olmos, flowed 136 bbl. of 39.3° 
gravity oil on July 4, to open the Baffin 
Bay field from perforations at 7394 to 
7398 ft. in a Frio sand under 1225 lb. 
working pressure. Total depth of this well 
is 9428 feet. 


NveEcEs County, 
SoutH Corpus CHRISTI DISTRICT 


East Flour Bluff Field—Humble Oil 
and Refining Company’s State No. 1-D, 
tract 30, in Laguna Madre, one mile east 
of Flour Bluff production and on the down- 
throw side of this field’s main fault, was 
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and 1,500,000 cu. ft. of gas daily from per- 
forations at 6970 to 6974 ft. in a sand at 
6945 to 6975 ft. Pressures were 2385 lb 
on tubing and 2525 lb. on casing. 

East Agua Dulce Field—F. A. Gillespie 
and Son’s Dabney No. 1, sec. 80, two miles 
east of Agua Dulce production, flowed at 
the rate of approximately 96,000,000 cu. ft. 
of gas with go bbl. of 56° gravity distillate, 
on Dec. 14. It opened the East Agua Dulce 
field from perforations at 7216 to 7221 ft. 
in a Frio sand at 7200 to 7220 ft. Flow was 
through }¢-in. choke, under 2450 lb. tubing 
and 2560 lb. casing pressure. 

East Luby Field—Seaboard Oil Com- 
pany’s J. O.. Chapman Estate No. 1, 
sec. 78, flowed 1,500,000 cu. ft. of gas and 
15 bbl. of 56° gravity distillate to open this 
field on Dec. 17, 214 miles east of the Luby 
field. Production was from perforations 
at 4023 to 4027 ft. in a Miocene sand at 
4023 to 4038 ft., through 34,-in. choke, 
under 1320 lb. tubing pressure and 1370 lb. 
casing pressure. The total depth is 7628 feet. 


New Sands in Existing Fields, 
Nueces County | 


Robston Field—Richardson Petroleum 
Company’s Studer No. 1, Paul’s subdivi- 


sion, one mile north of the Robston 
townsite, flowed 220 bbl. of 36.8° gravity 
oil daily under 300 lb. working pressure, 
to open a new producing level from per-— 
forations at 5195 to 5207 }4 ft.ina Frio mee 
Stratton Field—Southern Mineral’s Ber- 
tram No. 1, sec. 203, on the east flank of | 
the Stratton structure, was completed 
on June ro as the first crude oil producer — 
in this field, which previously had produced — 
distillate and gas. Production was obtained 
from a regular Frio sand found at 6380 to : 
6403 ft., through perforations at 6390 to 
6398 ft. The well flowed 76 bbl. of 42° grav- _ 
ity oil through 349-in. choke, under goo lb. — 
tubing pressure and 1250 lb. casing pressure. — 
S. E. W. Oil Company’s Union Center 
No. 1, also on the east flank, flowed 160 bbl. — 
of 40° gravity oil through 1-in. choke, 


completed on May 17. The flow was 
177 bbl. of 41° gravity oil from perforations 
at 6790 to 6800 ft. in Marginulina sand at 
6780 to 6800 ft. Production was through 
4g-in. choke under 1725 lb. working pres- 
sure. The gas-oil ratio is 1962: 1. 

Shield Field.—Shield field was opened 
on July 31 by Frank W. Shield’s Moore 
No. 1, survey 143, three miles southwest 
of the Baldwin field. It was completed for 
a flow of 152 bbl. of 44.3° gravity from 
perforations at 6622 to 6626 ft., in a Frio 
sand at 6603 to 6657 ft. Pressures were 
925 lb. on tubing and 1050 lb. on casing. 

Another Frio sand was established as 
productive by Shield, Allen and Morris’ 
Allen and Gallagher No. 1, survey 147, 
4700 ft. north of the discovery. This well 
flowed 153 bbl. of 56° gravity distillate 
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from perforations at 6680 to 6702 ft. in a 
Frio sand at 6667 to 6708 ft. Pressures were 
700 Ib. on tubing and 1060 lb. on casing. 

Baytex Oil Corporation’s Union Central 
No. 2, sec. 197, opened another crude zone 
when it flowed 170 bbl. of oil from per- 
forations at 6515 to 6532 ft. in a Frio sand. 
Pressures were 1325 on tubing and 925 lb. 
on casing. 

Conroe Oil Company’s Sellers No. 1, 
sec. 204, flowed 161 bbl. of 39° gravity oil 
from Frio sand at 6438 to 6460 feet. 

A gua Dulce Field —Richardson Oil Com- 
pany’s McCoy No. 2 flowed 187 bbl. of 
oil, through 1-in. choke, from a Frio sand 
at 6814 to 6820 ft., under 1375 lb. tubing 
pressure and 1906 lb. casing pressure. 

The same company’s Guaranty Title 
and Trust Company No. 1, 3000 ft. east 
of production, flowed 165 bbl. of 39.8° 
gravity oil daily from perforations at 
6889 to 6895 ft., in one of the field’s regular 
Frio sands, which in the main field pro- 
duces distillate and gas. Flow was under 
1750 lb. pressure. 

South Clara Driscoll Field—Texas Con- 
servative Oil Company’s Hattie Flynn No. 
5-B flowed 119 bbl. of 40° gravity oil from 
perforations at 5826 to 5830 ft., in a Frio 
sand topped at 5816 ft. Production was 
through 11¢,-in. choke under 375 lb. tubing 
pressure and 780 lb. casing pressure. 

East White Point Field.—Sinclair-Prairie 
Oil Company’s State Nueces Bay No. 2, 
submerged tract 974, was completed from 
perforations at 5850 to 5862 ft. in a Frio 
sand, for a flow of 135 bbl. of 40.4° gravity 
oil under 925 lb. tubing pressure. Gas-oil 
ratio is 1005:1 and the total depth is 6362 
feet. 


SAN Parricio County, SouTH Corpus 
Curistr DistTRICT 


New Sands in Existing Fields 


East White Point Field——Houston Oil 
Company completed its Baldwin No. 7, 


sec. 46, in a Heterostegina sand at 4932 to 
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4954 ft., for a flow of 130 bbl. of 26.8° 
gravity crude from perforations at 4930 to 
4936 ft. The pressures were toso lb. on 
tubing and 1550 lb. on casing. The regular 
Frio sand, topped at 5603 ft., tested oil 
with salt water. 

Republic Natural Gas Company’s E. A. 
Rachal No. 38, Flores survey, found a 
distillate sand at 5730 to 5775 ft. in the 
Frio after missing the regular 5600-ft. sand, 
and on completion flowed 30 bbl. of 59.4° 
gravity distillate with gas under 850 lb. tub- 
ing pressure and 2240 lb. casing pressure. 

Aransas Pass Field—Baytex Oil Com- 
pany’s Peoples and Nichols No. 1, block 
208, flowed 70 bbl. of 56° gravity distillate 
with gas from a new Frio sand, through 
perforations at 7454 to 7461 feet. Pressures 
were 2600 lb. on tubing and 2800 Ib. on 
casing. 

Odem Field—Sharp and Wood’s Hart 
No. 1, one mile northwest of Odem, Burgess 
survey, produced 71 bbl. of 36.1° gravity 
oil through 14-in. choke under 175 lb. work- 
ing pressure, to open the first crude produc- 
tion for this formerly distillate-producing 
area. Production was obtained from per- 
forations at 6901 to 6921 ft. in a Frio sand 
found at 6901 to 6936 feet. 

East Mathis Field —Seaboard Oil Com- 
pany’s Lovett No. 1, sec. 13, midway 
between the field’s two producers, was 
completed from perforations at 5614 to 
5618 ft. in a Jackson (?) sand at 5599 to 
5627 ft. for a flow of 140 bbl. of 41° gravity 
oil through 1-in. choke. Pressures were 
1000 Ib. tubing and 1350 lb. on casing. 
At the year’s end the oil-gas ratio was 
18,g00:T. 


WittAcy County, SouTH Corpus CHRISTI 
District 


Willamar Field —Pan-American Produc- 
tion Company’s Willamar Community 
No. 1, San Juan de Carricios grant, 6 miles 
southeast of Willamar, flowed 263 bbl. of 
29.8° gravity Mirando type crude through 
\-in. choke, under 350 lb. tubing pressure, 
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casing sealed. It opened the Willamar field 
on Nov. 14. Production was obtained from 
Frio sands at 7620 to 7710 ft. through a 
series of perforations at 7620 to 7634 ft., 
7644 to 7660 ft., 7668 to 7678 ft., with a 
total of 70 shots. Gas-oil ratio was 200:1. 
The total depth is 9003 ft. This is the first 
crude producer so far downdip in the Rio 
Grande Valley. The closest producers are 
the distillate and gas wells of southeastern 
Hidalgo County. 
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’ West Texas Oil Development in 1940 


By P. P. Grecory,* Memper A.I.M.E. 


THE rate of drilling operations in the 
West Texas district during 1940 was 
approximately equal to that of 1939. The 
total number of wells drilled in the area 
during the year was 1834, of which 1716 
were completed as oil producers, 12 were 
gas wells and 106 were dry holes. The num- 
ber of wildcat wells drilled during the year 
was comparatively small. The drilling of 
inside locations in proven areas and the 


drilling of wells for the purpose of extending 


the productive limits in producing fields 
constituted the bulk of development during 
1940. Gaines County led all other counties 
in the district in the total number of oil- 
well completions. 

The oil production totaled 83,345,381 
bbl., the highest figure for any year since 
proration was begun. The 1940 oil produc- 
tion exceeded the 1939 production by 
approximately four million barrels. 


DISCOVERIES 


While comparatively few new oil-pro- 
ducing areas were discovered during 1940, 
it appears that the oil production found in 
Simpson lime in the Abell field, Pecos 
County, was an outstanding discovery for 
the year. This was the second Ordovician 
discovery in Pecos County. Taubert, 
McKee & Siemoneit located its discovery 
well, V. W. Crockett No. 1, sec. 434, 
H. & T. C. R.R. Co. survey in the Imperial 
area of northwestern Pecos County. The 
top of pay was encountered at 5270 ft., 
and the well was bottomed at 5357 ft. in 
Simpson lime, on Oct. 17, 1940. The initial 
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production was 928 bbl. of 43° gravity 
sweet oil in 11 hr. 23 min., flowing naturally 
through 2-in. tubing with gas-oil ratio of 
783 cu. ft. per barrel, Following the com- 
pletion of the discovery well, large blocks 
of land were leased in the area, and several 
locations were made toward the close of 
the year. There is every indication that the 
Abell field will become a major producing 
field in the West Texas district. There was 
no pipe-line outlet for the field at the end 
of the year. 

Shipley-Silurian field, discovered by the 
Gulf Oil Corporation, appears to be another 
major addition to the oil reserves in 1940. 
The discovery well, Wristen Brothers No. 
IGeItl SEC LS a DLOCKes wlle Goatees 
Co. survey in Ward County. The well was 
drilled to a total depth of 9187 ft. and was 
plugged back to 7075 ft. The Silurian lime 
section was acidized with 3000 gal., from 
6993 to 7075 ft., and on Dec. 5, 1940, the 
well was completed for initial production 
of 3040 bbl. of 32.2° gravity oil in 24 hr., 
flowing through tubing. 

Todd Deep field, Crockett County, was 
discovered by the Continental Oil Co. et al. 
The discovery well, J. S. Todd No. 2, 
sec. 29, block WX, G.C. & S.F. R.R. Co. 
survey, was completed on April 3, 1940. 
The top of pay was encountered at 5623 ft., 
and the well was bottomed at 5601 ft. for 
initial production of 1613 bbl. of 40.6° 
gravity oil flowing naturally through 2-in. 
tubing. The pay section was found in 
Strawn lime of Pennsylvanian age. There 
were six producing wells in the field at the 
end of the year. This appears to be another 
major discovery in 1940. There was no 
pipe-line outlet in the field at the end of the 
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TABLE 1.—Oil and Gas Production in West Texas 


Area Proved, Total Oil Production, 
Acres Bbl. 
= 
; oO 
County, Field Dis 3 
covery F 
& » | To End of During 
Z beirnilt Wem 77) 1940 
A 
2 j 
= SAE 
1] Andrews: Deep Rock (Walker-Fuhrman).............. 1931 | 4,370 0} 3,188,437 557,943 
> eH Emma ie ahah ieee ett ree bo lace aes 1937 | 1,100 0 2,919 247,938 
SUS NGane Btls oo crass eee ae < Tigelh ocaee 1934 | 8,000 0 4,039,230 605 
At; Pe Barkers 3. ferivardec ecient cee ead be cee 1934 160 0 69,186 10,863 — 
Bilweewy WoateAndrews. oct ean ta dse Gia ttemicmud telnet 1940 0 4,553 4,553 
Bit Cochran’ lean, cscs once noe aaical oem en sara aes 1937 360 160 62,127 18,710 
7 | Crane-Upton: Church Fields-McElroy-McClintic. -| 1926 | 14,000 0 | 117,742,202 | 5,049,744 
8 Cremer Pane 8 aie ola cas oma me coins .| 1938 | 2,200 0 280,831 127,038 
9 Sand Hills (Permian)............... .| 1980 | 5,420 0 2,208 521 656,092 
10 Sand Hills (Ordovician)........... .| 1936 | 1,000 0 372,315 123,302 
11} Crockett: Crockett........... -| 1938 1,020 0 193,637 97,603 
12 Noelkte ss Af. lafraio. 6 ase 1940 y 0 13,058 13,058 
13 Tedd: Deep Mice .| 1940 y 0 28,541 28,541 
14 World-Powell.............+00- -| 1926 | 2,240 0 7,026,698 411,156 
15 | Ector: South Cowden-Foster-Johnson. .| 1933 | 17,390 0} 10,755,329 | 4,045,898 
16 ith... 1934 | 29,500 y| 24,558,169 ,980,280 
17| Harper... 1933 | 4,500 0) 6,311,180 | 1,249,456 — 
18} North Cowden....... 1930 | 18,600 0} 16,029,780 | 3,567,034 — 
19 North Cowden (Dee: ep) bree re 1939 200 0 48,627 36,211 — 
20 | Ector-Crane: nh er blet> n-Waddel . 1927 | 17,000 | 1,000| 27,135,406 | 3,067,742 q 
21 | Gaines: Cedar Lake. 1939 | 5,000" 0 53,182 47,281 
22 Seminole........ 1937 | 11,0001 0 1,313,869 981,971 
23 Wasson (Deep). . 1940 0 1,849 1,849 
24 | Gaines-Y oakum: Wasson 1936 | 58,000 0} 20,037,919 | 10,978,593 
25 | Garza: Garza (Emerald)......... 1925 20 0 97,559 3,401 
26 | Glasscock-Howard: oe pepe 1926 | 21,700 0| 95,291,353 | 4,984,291 3 
27 1400-foot pay.. ae 1927 | 1,700 0 2 2 
28 1926 | 4,000 0 2 2 
29 1929 | 8,000 0 - 2 ; 
30 2500-foot pay. 1928 | 2,000 0 2 2 
31 3000-foot pay... 1928 | 6,000 0 2 2 q 
32 | Hockley-Cochran: Slaughte 1937 | 50,0001 0} 2,110,194 | 1,157,548 
33 | Howard: Iatan-Denman... 1925 | 6,600 0} 18,557,539 | 1,715,631 
BA) Moores. diencass + 1938 640 0 56,060 17,576 
SBil Cae SHV een coa Lasts cicie Parasite eh eenaes .| 1937 | 1,000 0} 1,690,668 495,129 
BAI Tien: TelonGa tu Sde ee. Oa ait ene yn eee casa .| 1929 340 0 49,042 ,009 ; 
37 Loving:iMason Rene ene , 0 380,043 79,558 
BRU La MW adit x auerd oii « tosate ala artic te ohana ee 0] 8,176,374 1064 
BO | MMstchels: Westbrook f26 wc 1g scralech ¢ os aia'ea sistemas oe 0} 10,791,133 260,554 — 
40 | Pecoss Aol 5 ac. cua teteod owes Salatnsi gett Cosstaostaianty ak y 650 
AT TM AMOG Aca canon echt as astants amriemiccrbatiete strats. pike 0 64,927 42,043 
AD Ne ee Promimescay fo stn G8 stn oe eee eySae ers pen athe wee 80 37,308 28,215 
43 higms SATABRFOOU Ss ics wcecaispesttitnia sate itas samen iis 0 470 
ANF GTiehn te. secaas cae chtc eae Wats dole Se tare 0 156,076 132,504 
AB tS caeNleaterson cogas oetearcdaalorteaha iio cs Gracie ais 0 861,105 65,501 
46) Sa Nottervillé:,..acsnzasentes see are rats 0 338,460 40,562 
G11) MPenee Vallee nec ceoto ekep kee docs 1c 0} 2,027,490 | 478,397 
SS. Sees CEMOL) ee vac rat aes vat es 0 29,367 643 
49 GATOR ists wx Shes east am aleceles seis aare 0 824,386 288,653 
50 Taylor Mink and)cace wee tte tee hes 0 556,6411 22,7601 
51 Taylor Link) (lime) oa ssindaai ne'er itnes 0| 5,803,356'| — 604,3231 
52 Pees Vas Cele ee eee ak 0} 6,430,153 583,231 
BB] Walker. cc cscces cece mince eeevnenss v 11,987 11,987 
54| White and Baker................... 640 101,632 59,470 
KGL —SVatod (aand) =.Qladlacton Mame 0 422,514 38,1 
56 0 | 254,265,683 | 6,861,864 
57 0} 2,065,165 87,446 
58 0 3 3 : 
59 Big 0 8 3 | 
60 Big Take O 0| 96,256,761 | 2,147,522 
61 Grayson........... ann 0 631,719 30,071 
62 | Reeves: Anthony. ate Bioenergy aenet bape akeh able y 2,111 674 ; 
® Footnotes to column heads and explanation of symbols are given on page 256. 
1 Estimated. 
2 Production of various ‘‘pays” included in field total. 
8 Production included under Big Lake Ordovician. 
; 


- 


TABLE 1.—(Continued) 


P. P. GREGORY 


5°7 


Total Gas Production, 


Oil-production 


Reservoir Pres- 


Millions Cu. Ft. Number of Oil and/or Gas Wells Methods, End sure, Lb. per 
of 1940 8q. In. 
During 1940 End of 1940 Number of Wells 
i i) Avg. at 
sees Obl Daring awe = a oe . Initial | End of 
1940 1940 es | iS aE er mo 1940 
33 | 3 E 1 fa | 3 i: ee ee: 4 
Beg = e ae 3 So 8 ‘3 
Be | 8 | 2 | ge | te | BB) E | gs 
s) Ss) = eee) ye Lo re éA 
y 1,175 64 0 0 0 64 0 45 19 1,800 y 
z © 36 9 0 0 36 0 17 19 = y 
5,220 1,092 119 19 1 0 118 1 76 42 1,900 1,550 
En x 2 0 0 0 2 0 2 0 z Ey] 
x x 3 3 0 0 33 0 0 3 z x 
52 12 3 0 0 0 2 1 1 1 y y 
y y 559 43 0 0 533 0 218 315 750 y 
z gz 25 4 0 0 20 0 8 12 740 y 
2,019 670 87 22 0 0 86 0 83 3 2,125 y 
y y 9 2 0 0 9 0 6 3 2,760 y 
fs) x 27 0 0 0 27 0 4 23 r) x 
o he 8 8 0 6 2 0 2 0 £ z 
y y 6 6 0 0 6 0 6 0 y y 
x x 71 7 0 0 50 0 0 50 x x 
x 2,469 641 225 0 0 637 0 399 238 1,600 1,231 
53,497 13,144 913 153 1 0 905 8 860 45 1,675 |. 1,397 
y 183 0 1 0 182 0 38 144 Ed 7] 
53,525 9,160 415 101 0 0 411 0 885 26 1,740 1,330 
£3 x 5 2 0 0 5 0 4 1,300 y 
y y 436 76 0 0 433 3 324 109 1,525 y 
12.7 11,3 11 8 0 0 11 0 i) 1,876 y 
1,5331 8581 164 139 0 0 164 0 164 0 2,050 1,968 
£ z 1 1 0 0 1 0 1 0 y y 
22,3561 11,6731 1,049 436 1 0 1,048 0 1,021 27 1,800! | 1,667 
x x 8 0 0 0 5 0 0 5 4) x 
E) FE] y 11 3 ra 853 0 0 853 x x 
x z 107 2 0 0 107 0 0 107 2 ie 
z x 268 0 al if 210 0 0 210 i x 
x Z 125 0 0 0 105 0 0 105 x ie 
x x 283 0 0 0 235 0 0 235 x z 
x x 212 9 2 0 196 0 0 196 x 2% 
1,443.61 7791 135 73 0 0 135 0 123 12 1,725! | 1,581 
& x 277 12 1 1 274 0 ae 271 2 L 
& z 6 0 0 0 6 0 0 6 x z 
2 x 95 5 0 0 91 0 0 91 z y 
ep x 17 0 0 0 9 0 0 9 x a 
x x 10 0 0 0 10 0 6 4 x y 
7 2 90 5 0 1 88 0 54 34 1,650 y 
2 y 139 3 3 y 94 0 0 94 1,000! x 
x © 1 1 0 0 1 0 1 0 y y 
49 30.3 i$ 4 0 0 7 0 7 0 y y 
£7] x 10 4 0 0 10 0 7 3 x x 
x z 2. 0 0 0 2 0 0 2 » ze 
z x 35 22 0 0 35 0 34 1 x y 
x x 40 0 0 0 22 0 0 22 x x 
< x 23 0 0 0 21 0 15 6 z z 
fi) co) 188 22 y 0 180 0 82 98 y y 
x, x 3 0 0 2 0 0 0 0 fy) a 
& z 42 4 0 0 42 0 30 12 & z 
z x 23 0 0 0 9 0 0 9 a x 
2 x 88 5 0 0 87 0 0 87 g z 
x 111 233 18 4 0 229 0 0 229 % 2 
& x 5 5 0 0 5 0 5 On z a 
% y 12 4 0 0 12 0 12 0 900! y 
t 2 state alas sa | 529 29 | 700 | 530 
117,981.6 1,422 558 2 0 0 9 
y y 142 5 1 0 141 0 91 50 750! y 
2 2 21 0 0 2 3 0 0 3 @ a 
x % 261 0 1 2 183 0 0 183 z z 
x y 24 0 0 2 12 3 4 8 3,600 y 
oF x 5 0 0 0 5 0 0 5 & x 
r x 1 0 0 0 1 0 1 0 & z 
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Character of Oil Producing Formation Dec ee 
e ene 
vg. Ft. 
Gravity : . 
eh ALP Tiiat a 
3 60°F., Name Agee es Bot- |& z Name 2 
E| Weighted | 2 8 p | 7? | tom {ee 8 = 
Average 5d S = | Prod. EI As 
Z aa] s a Zi Prod. | & oD > = Ss 
3 Be g | & || Weis|eel 2 sy 
4 ae e) raw Ba a 
1 28 y | Big Lime Per D |Por | 4,350] 4,625] 25] A | Per 5,088 
2| 34.6 y | Big Lime Per D |Por | 4,190] 4,225] 25| A | Per 4,350 
3| | 29 y | Big Lime Per | DL |Por | 4,475| 4,535] 25] A | Per 5,227 
4] 29.5 |y | Big Lime Per | D_ |Por | 4,627] 4,790] 5 | MC | Per 4,814 
5 y y | San Andres Per D |Por | 4,300) 4,400) yj} A | Per 
6 30 « | Big Lime Per DL |Por | 4,900| 5,010] y] y | Per 5,076 
7 32 2.4 | Big Lime Per DL | 15 2,800 | 3,000} 75 A | Ord 12,786 
8 36 y | Big Lime Per DL | Por | 3,150] 3,270} 40] A | Per 3,503 
9 35 y | Big Lime Per DL | Por | 4,250] 4,450] 50] A | Pre-Cambrian | 7,158 
10 44.7 0 Simpson Ellenberger Ord DS | Cav | 5,900} 6,000} 20] AF | Pre-Cambrian 7,158 
yO 31 y | Grayburg Per DS |Por | 1,330] 1,450} 12] A _ | San Andres 1,635 
12 y y Yates sand Per 8 Por y y} 101} y | Per 
13 41.6 0 Strawn Lime Pen L Por | 5,727] 5,807 y y |Pen 5,914 
14 29 y | Big Lime Per DL |Por | 2,450} 2,550] 13] A | Per 3,695 
15 34 y Big Lime Per DS | Por | 4,000] 4,350} 20] A | Per 4,627 — 
16 36 1.9 | Big Lime Per DL | Por | 4,180] 4,250] 70] A | Per 6,090 
17 34.8 y Big Lime Per DL | Por 4,000} 4,200] 20 | MC | San Andres 4,518 
18 34 y | Big Lime Per DS | Por | 4,000] 4,350) 40:1] A | Clear Fork 5,200 
19 34 1 Holt Per DL | Por | 5,100} 5150} 5] A | Per 5,200 
20 33 2.1 | Judkins pay Per DL |Por | 3,450] 3,600} 50| A | Per 4,002 — 
21 33 2.1 | Big Lime Per LS | Por 4,650} 4,760) 70 A | Per 4,830 — 
22 37.5 y Big Lime Per DL | Por 5,050 | 5,300 y A | Per 5,358 
23 y ”] Big Lime Per DL | Por 6,210} 6,881 y y |Per y 
24 34 1.8 | Big Lime Per DL | Por 5,050 | 5,300 y A |Per 6,881 — 
25 39 y |Biglime | Per SL {Por | 2,000! 2,510] 10] A | Per 4,801 
26 y y Data: Producing formation and deepest zone tested included separately 
27 32 1.0 | Yates sand Per S | Por | 1,280] 1,400} 20] A | Ord 10,906 
28 32 0.8 | 1800-foot pay Per 8 20 1,650} 1,900] 20 A | Ord 10,906 
29 30 1.6 | 2200-foot pay Per DL | Por 2,150] 2,300} 30) A | Ord 10,906 — 
30 30 y 2500-foot pay Per DL | Por 2,400} 2,500} 30] A 10,906 
31 27 3.4 | 3000-foot pay Per DL | Por | 2,900) 3,000} 20] A_ | Ord 10,906 — 
32 32 1.9 | Big Lime Per DL | Por 4,950} 5,030 y | MC | Per 5,521 — 
33 27 y | Big Lime Per DL | Por | 2,450} 2,800} 50] A | Per 4,220 
34 y y | Big Lime Per DL | Por | 3,200] 3,200} 3] y | Per 3,205 — 
35 30.1 y Big Lime Per DL | Por | 2,650) 2,825} yj| A | Per 3,205 
36 38 0 | Yates sand Per S | Por | 1,400] 1410) 10] M | Per 3,972 | 
37 39 y Delaware sand Per S |Por | 3,931) 3,953} 10} T | Per 4,165 — 
38 38 y Delaware sand Per 8 Por | 4,290] 4,310 7 | MC | Per 4,083 
39 23 y | Big Lime Per DL | Por | 2,800] 3,000} 50] MC | Per 5,250 | 
40 43 0 ‘| Simpson Ord DL | Por | 5,270] 5356} y|] y |Ord 5,356 
41 41 0 | Ellenberger Ord DL | Por | 4,550} 4,580} 30] A | Ellenberger 4,782 i 
42 OM z Shipley sand Per §-DL | 18 1,412] 1,448] 31 D | Per 1,674 
43 17 (mice ae y . Por 50 60 | mapa eee ay yo 
44 y y Big Lime Per DS | Por 1,675 | 1,700 y uv oly 4 
45 28 y Pecos Valley sand Per 8 Por 1,200 | 1,400 5| M | Per 1,675 
46 y y | Yates sand Per S |Por | 2,200] 2,300] 15] A | Per 2,459 | 
47 31 y | Yates sand Per S |Por | 1,300] 1,600] 15 | A | Per 2,550 
48 24 0 | Yates sand Per S | Por | 1,385] 1,400} 15] A | Per 4,375 
49 35 vy | Pecos Valley sand Per S |Por | 1,415] 1,465) y y | Ord 4,595 
50 31 y Yates sand Per 8 Por 970} 1,016] 30 A | Per 2,185 
51 29 y | Big Lime Per DL | Por | 1,630] 1,675} 15] A | Per 2,185 — 
52 19 2.1 | Toborg Cre S| Por 400] 445} 201} AL | Per 1,400 
53 y y | Big Lime Per DS | Por y y| y |Ord 9,811 — 
54 y Big Lime Per DS _ | Por 1,650 | 1,700} 10 A 9,811 
55 32 0 | Yates sand Per Por 900} 1,100} 15 | AL | Per 1,852 — 
56] 30 y | Big Lime Per | DL |Cav | 1,310] 1,450] 1001} A | Per 1,938 
57 33.5 y | Yates sand Per Por | 2,000) 2,080] 80] A | Shipley Ls 3,200 
58 35 y Big Lime Per 8 Por 2,375 | 2,500] 40 A | Lower Ord 9,562 — 
59 36 y Big Lake Ls Per DL | Por | 2,960} 3,000] 60} AD | Lower Ord 9,562 
60] 44 y | Bllenberger Ls Ord | DL | Por | 8:200| 8'900] «| D~ |Lower Ord 9,562 
61] 32 y | Big Lime Per | DL |Por | 3,050] 3,100] y| D | Mis 9,967 
62 30 y oly y a] y| 1,680) y yo ly y 


ge 
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_ year, and the oil was being trucked to a 
pipe-line outlet near Ozona, Texas. 

Noelke field was discovered by Soma Oil 
and Gas Syndicate, the field being some 
5 miles southeast of the Yates pool. The 
discovery well, W. T. Noelke No. 1, is 
in sec. 30, block GG, H.E. & W.T. survey 
in Crockett County. The oil production 
was found in a sand member of Yates sec- 
- tion above the top of brown lime. While 

several fairly large wells were completed 

in the Noelke field, there was no pipe line 

outlet for the field, and at the end of the 
_ year little information was available on the 
area. 
- Live Oak field was discovered by Moore 
- Exploration Co., in Crockett County, 
when its discovery well, A. C. Hoover No. 
_ I, encountered production in Permian 
lime from 1984 to 2150 ft. The initial 
production was approximately 53 bbl. of 
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oil in 24 hr. pumping through 2-in, tubing. 
The same company discovered Permian 
production in the Olson field when it com- 
pleted its Noelke Livestock Co. well No. 1 
for 130 bbl. of oil in 24 hr. pumping. The 
well is in sec. 10, block GG, T. & N.O. R.R. 
Co. survey, Crockett County. Rapid de- 
cline in production observed in the wells 
of the two areas indicates that they can be 
The West 
Andrews field was another minor oil- 
producing area, discovered by the Atlantic 
Refining Co. The discovery well, Univer- 
sity No. 1, sec. 11, block 11, University 
Lands, Andrews County, was completed 
at total depth of 4,475 ft. in Permian lime 
on July 7, 1940. Top of pay was found at 
4350 ft., and the well was completed for 
168 bbl. of oil and 9 bbl. of sulphur water 
on a 24-hr. pumping test through tubing. 


of only minor importance. 
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Area Proved, Total Oil Production, 
Acres Bbl. 
: Year 
County, Field et 
; earns Dis- 
covery _ 
| 8 » | ToEnd of | During 
q Sl Sos 1940 1940 
a = 
3 o 
8 ther 
PCR CLRO OD PRE ris SG Ltrs a) Malate micidure iar era eecn evs, crisis .ateie jars 1939 y y 2,595 730 
f a pia sae cond Ae: SOR Rae GOCE oo Oe ats 0 CEA DADE EAT AGS OC 1939 y y 22,881 12,520 
65 Becta Mitchel: fa ee gues SB oy ee RP Oe ath sechicaia ae ek. 1924 y 0 478,367 279,719 
oo CaS oat action (vane Cowdenso 2 t+.+40 0s <vo- esd e.~») 1925 | 20,000 0} 54,001,831 | 4,342,151 
OalsUptons Webb-Ray (Cordova Union)... niece car co iein so usc dee nn denne 1936 16 0 50,240 8,785 
68 | Ward: Dobbs 1937 4 0 17,412 2,099 
69 Estes 4,500 | 2,000} 10,583,197 | 2,463,394 
70 MMacnoliaisenley seme emis sovaiaimeeiaae or cuetatotlalc iol teeeveeinie eles 1938 | 1,000 y 458,058 38,352 
71 Magnolia Basler (SrA ie ahora ety ko ana Binion Seon Toco cnt 1940 120 0 6,757 6,757 
72 DS COGN Ae oo peda) patties Ge, ait er PI ene Be ae eres eee era 1930 80! 0 48,021 6,206 
73 PAROS LTE SNIREC) Sena ano rte we ere ws PR aye eed cis pire ele aly syte 1929 | 10,000 y| 21,669,869 | 2,147,351 
74 OUCH MLV CINE P erp etn sient cieceeer ects ath F nickae cieeiaeslaienefa cio eels cia aupieval 1930 | 11,800 y| 26,250,947 | 1,717,704 
75 DIP LOy, semen iare tment) teens aunties chvinca arenes Cake vetaluatareahele! aye ree eee 1928 | 2,500 0 3,160,384 485,526 
AO WORT ost Gat Sole Uno UChr Cn GaHen eM era cen aca Oa or 1936 320 0 382,320 122,449 
77 BHT) POL ORNs ete eater oce las thes gee neal ah cea ace nhae er aneT sph nsys elses a Fhe\e 1936 | 2,000 360 2,297,176 527,990 
78 TBE 43. shag a ias noe GUO CORO ener on er nomEee Seino 1935 820 10 742,644 101,527 
79 ESOS CES EIN ETT eae cretevas eiaPt axe aES wnage omuare os scifoiniepenaractidigt ach la 1935 | 2,800! 0 4,429,043 980,413 
80 PELE CANTC Kone eo ere ais MET Meare ceiclewees aie te neces ccPara%, all, aroral Map laveualte ote 1927 | 12,138 0 | 202,530,944 | 2,952,753 
81 RCOrTIsI Em are mig MMe Cee ritare: < tre cera Sieyecive Sie.cisinee Gabel stasalele ee tat! y ase eect 
1 ODES fae ne. ean on o cetacean fee e renner 19 ; y ,803, i 
3 een oy ae 8 cin SG CeO Eccl SI CRO RC ga 1935 | 9,500 0 3,831,511 667,399 
84 GED hale aS Bin ean Eten a, GATOR OD eGo DOO CL OO CIE aia Teo D aor 1927 960 y 3,721,297 165,075 
85 Gan brow lier ate etal seater chevelle ieiere i= cite, 3) ofetecstera:= p>. «(0 sj) <1 sMol olsa/o%e lobe be 3,790 0 ee ie er 
ase iy eae ech ukaichatssates’s y y ; H 
86 | Yoakum: Waplee-Plattor eed aie oe Aer ae ee if y es ae 


87 West Pool (Bohago, BOWd)i Mme. veces cle tere 6 ais iaine seiviaw ce goles 


a 


4 Formerly Ira-Northwest. 
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The oil production was observed to be 
declining rapidly in that well. 


Major EXTENSIONS OF PRODUCING FIELDS 


The most active area during 1940 was 
the Wasson field, of Gaines and Yoakum 
Counties, which accounted for 436 com- 
pletions. This additional drilling extended 
the productive area of the field, and at the 
end of the year the field embraced approxi- 
mately 58,000 acres. The Seminole field, 
Gaines County, after securing a pipe-line 
outlet, saw a revival of drilling activity 
during the year. One hundred and thirty- 
nine oil wells were drilled during 1940, 
and the productive area of the field was 
extended by some 6000 acres. The Slaughter 
field, Hockley County, was extended into 
Cochran County to the west and into 
Terry County to the south. During the 
year, 135 oil wells were drilled in the 
field and indications are that the produc- 
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tive area will be around 50,000 acres. Addi- 
tional extensions in the productive areas 
of Goldsmith, Sand Hills Ordovician, 
North Cowden and Cedar Lake were also 
made. 
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Total Gas Production, ‘ : Oil-production Reservoir Pres- : 
Millions Cu. Ft. Number of Oil and/or Gas Wells sary am sont ge) ; 
: 
During 1940 End of 1940 Number of Wells i 
S| ToEndof | During | 89 a! eae ; 
4 1940 40 | ee | x | a Pat om ve gene Pad Ze | 
z ae WS ae Be io Bal as ea be | an 
ey) 213 | 82 |dsla9| = | es ck 
ef on 'o) = ee Te & & a s . 
63 2 x 1 0 0 1 0 0 0 z x 
64 y y 5 1 0 4 0 1 0 y y 
65 x z 99 66 0 0 0 4 95 x a] 
66 x F 9 43 0 0 2 988 x x ! 
67 z z 0 0 0 0 0 4 y y - 
68 a & 0 ts le 0 0 1 z z : 
69 x 7] 23 0 0 3 295 45 1,370 y 
70 z y 17 0 0 0 33 22 = y ' 
71 x x 3 0 0 0 3 0 3 y 
72 2 2 0 0 0 0 1 0 2 z 4 
73 & zt 43 0 | 0 2 y y | 1,400 z - 
74 eo) z 2 7 201 { y y 1,370 s ‘ 
75 x x 12 0 2 0 104 x 2 i 
76 x 7] 0 0 0 0 4 3 z y j 
77 & x 11 0 0 6 5 1,300 y % 
78 % x 0 0 1 0 9 | 1,235 y 4 
79 z y 2 0 0 0 2 1,450 y 3 
80 y y 0 25 0 0 226 1,720 y 
81| 65,656 | 17,900 7 19 0 20 330 | 1450 | 440] SR 
82 2 y 19 0 4 3 18 1,520 y 4 
83 2 y 8 0 0 0 8 z y ; 
5 3 810 18 0 ‘ 3 ; : 
1 0 a 
86 y y 1 0 0 0 oraltses : oe 
87 y y 0 0 0 0 1 z z 


Piitineee 2. oo PUR 
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McKinnon, Shell Oil Co., McCamey; V.E. Midland; W. H. Gilmore, Culbertson and 
Cottingham, North Basin Engineering Irwin, Midland; Taylor Cole, University 
Committee, Midland; E. Russell Lloyd, Lands, Midland. 
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Character of Oil ini : Deepest Zone Tested 
Producing Formation to End of 1940 
Depth, 
Gravity Avg. Ft 
g| phe 2 e 
PF, ame Agee 3 
g Weighted | 2 3 2 Top Bot- Be esolle vas se ea 
5% | Average & 5 3 Le pead ee A fe! 8 ee ea 
TO i S er i 
I ES 3 z | Zone Wells} =| 2 os 
63 34 y y y| 4,081 y 
64 41 0 Strawn Pen L Por 4 . 4 y 
65 25 y | Big Lime Per DC |Por | 2,320] 2,395) 2 A | Per 4,528 
66 28 y | Big Lime Per DL | Por | 2,250} 2,300] 30} A | Per 4,610 
67 25 y Grayburg Per DL | Por | 2,060] 2,150; yj A | Per 2,176 
68 37 y Shipley-Hazlett Per 8 Por 2,550 | 2,570 i y | Per 2,600 
69 34 y | Estes sand Per DS | Por | 2,450] 2,950} 50] A | Per 3,000 
70 32.7 y | Big Lime Per DL | Por | 2,878} 2,952) y {| <A | Per 3,085 
71 28 y | Big Lime Per DL | Por | 2,880] 2,910] y| y | Per 3,085 
72 29 y Delaware sand Per S |Por | 4,665} 4,675} 5] T | Per 4,692 
73 36 1 O’Brien sand Per SD | Por | 2,500] 2,750} 50] ML | Per 4,825 
74 32 y O’Brien sand Per S |Por | 2,300] 2,525) 40 |) ML | Per 4,825 
75 34 y Shipley Ls Per DS |Por | 2,900] 3,100} 50] A | Ord 9,187 
76 26 y White Horse Per DL |Por | 3,100} 3,170} 40] A | Per 3,175 
HE 33 y White Horse Per S Por | 2,833} 3,100} 40) AC | White HorseLs} 3,145 
78 81.1 y White Horse sand Per § Por | 3,100] 3,200} 22 | AC | San Andres 3,855 
79 30 y Big Lime Per DL | Cav | 3,025] 3,075! 30] A | Per 3,450 
80 28 1.4 | Big Lime Per DL | Cav | 2,600} 2,900 7] A | Per 3,920 
81 35 y | Yates sand Per LS |Por | 2,825) 3,200] 10) A | Per 3,414 
82 36 y | Colby sand Per S |Por | 3,215) 3,313] 98 | AD | Per 3,702 
83 36.5 y Keystone Lime Per DL | Por 3,210} 3,360 y | AD | Per 3,702 
84 28 y Big Lime Per DL | Por 3,000 | 3,100 y A | Per 3,780 
85 35 y Yates sand Per LS | Por 2,800} 3,050} 10 A | Per 3,565 
86 31 y San Andres Per DL | Por 5,219} 5,800} 385 | MC | Per 5,380 
87 31 y Big Lime Per DL | Por 5,168 5,255 10 | MC | Per §,255 


Oil and Gas Development in West Virginia during 1940 


By Davin B. RecEr,* Memser A.I.M.E. 


Tue substantial expansion of previously 
discovered gas pools was the principal 
feature of petroleum activity in West 
Virginia during 1940. At least one new gas 
pool was discovered and various other 
successful wildcat completions may prove 
to be gas-pool openers. Some slight exten- 
sions of oil pools were also made. The 
new productive territory, principally gas, 
added by these extensions was approxi- 
mately 33,800 acres. 

In general, oil activity was slight because 
of unfavorable crude prices. Gas activity, 
on the contrary, increased considerably, 
although the price of gas did not materially 
change. The account of operations, as 
gathered from trade journals and other 
reporting services, shows that 709 new 
wells were drilled, resulting in 102 new oil 
wells with 1055 bbl. of daily new produc- 
tion; 468 new gas wells with 633,947,000 
cu. ft. of daily open flow; and 139 dry holes. 
Also, 91 old wells were drilled to deeper 
sands, with 143 bbl. and 44,833,000 cu. ft. 
of added production. On the new wells the 
oil average was 10.34 bbl. per well per 
day; and the gas average was 1,354,000 
cu. ft. per well per day. On new wells the 
ratio of dry holes to completions was 19.61 
per cent. On deeper drilling to other sands 
the ratio of failures was 12.1 per cent. 

From an exploratory standpoint, one 
strictly new gas pool (Lorentz) was opened 
in Upshur County. Little forecast of its 
extent or reserve can now be made. The 
new extensions of various other previously 


discovered pools, however, give assurance 
Manuscript received at the office of the Institute 


Feb. 17, 1941. 
* Consulting Geologist, Morgantown, W. Va. 
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of a new gas reserve that will equal approxi- 
mately a year of gas demand. In addition 
to these definite supplies two widely sepa- 
rated Oriskany sand (L. Dev.) wildcats in 
Jackson County, one of which was com- 
pleted late in 1940 and the other early in 
1941, may indicate two separate pools or 
may greatly extend known pools. In south- 
ern Kanawha County, also, an old Oris- 
kany-sand well deepened to the White 
Clinton sand (Sil.) showed a volume of 
733,000 cu. ft. and rock pressure of 1800 lb., 
giving rather clear assurance that this deep 
sand, in which only slight quantities of gas 
had previously been found, should even- 
tually supply much new gas. On the other 
hand, various deep tests to the Oriskany 


sand in Harrison, Putnam, Randolph and ~ 


Wood Counties were totally dry or gave 


only small volumes of gas. 

The principal oil wells completed, by 
counties, were: Calhoun, 15; Clay, 11; 
Pleasants, 14; Ritchie, 15; and Roane, 7. 
Production for the year was estimated by 
the U. S. Bureau of Mines as 3,444,000 
bbl., as compared to 3,684,000 bbl. in 1939. 
The leading counties in gas-well comple- 
tions were: Boone, 36; Braxton, 17; Cabell, 


A ay eq inte 


25; Calhoun, 16; Clay, 22; Gilmer, 47; © 


Jackson, 38; Kanawha, 77; Lincoln, 18; 
Putnam, 32; Ritchie, 40; and Wayne, 31. 
Production for the year is estimated by me 
4S I70,000,000,000 cu. ft. as compared to 
159,226,000,000 cu. ft.* in 1930. 

No long pipe lines were built but various 
gas-line extensions and cross connections, 

*From U. S. Bur. Mines, M. M. S. No. 891. 
The Public Service Commission of W. Va. reports 


(Twenty-seventh Ann. Rept., 174) only 152,600.- 
308,000 cu. feet. 


wh Se 
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_ principally in the Elk-Poca pool of Jackson 
and Kanawha Counties, were made. At 
least four new gas-compressor stations were 
built within the state. Certain important 
amplifications of gas-transportation and 
handling facilities in adjacent states, how- 
ever, should considerably increase the use 

of West Virginia gas. The dehydration of 

_ gas, both at the well mouth and at com- 

pressor stations, has been carried forward 

_ during the year. 

_ The price of oil has fluctuated, but stood 

_ at $1.74 per barrel at the end of the year. 
The price of gas at the well mouth has re- 

_ mained almost stationary, at about 13¢ per 

_M cu. ft., but the demand has improved. 

GENERAL STATE OF INDUSTRY 

_ -Noexact figures relative to the amount of 

; ‘land under lease in the state are available, 

but for the past two or three years new 

leases have about equaled surrenders. A 

_ previous estimate of 4,500,000 acres under 

~ lease is still about the proper figure. As 


_ TasBLe 1.—Production Statistics, West 
: ; Virginia 
Aver- 
Aver- ete 
age Oil Gas per 
Period Oil, Bbl. Wall Millions | Well 
Daily u. Ft per 
Bbl Day; 
& Cu. 
Ft. 
Z To end of 
MOA OG s0's!'s 413,535,000 6,667,026 


159,226%| 20,941 


3,084,000% 0.54 
70,0005 | 34,249 


3,444,0004] 0.54 


- During 19309.. 
_ During 1940.. 


_ ¢Figures by U. S. Bureau of Mines, final for gas, 
_ subject to revision for oil. 
' 6 Estimated by D. B. R. 


_of the end of 1940, the leasing of land, both 

in old territory and in wildcat localities, 
was fairly active. The proved oil reserve 

has slightly declined because no appreciable 
amount of new territory has been opened to 
offset production. The proved gas reserve 
remains virtually stationary because dis- 
coveries in 10940 have about equaled 
production. 
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Up to the end of 1940 about 64,100 oil 
and gas wells had been completed. During 
the year, 102 oil wells and 468 gas wells 
were completed, and 744 wells were aban- 
doned because of nonproductivity or 
exhaustion. At the end of the year about 
17,630 oil wells and about 13,599 gas wells 
were active. Production statistics are given 
in Table tr. 


PRINCIPAL AREAS OF ACTIVITY 


In Boone County, besides routine opera- 
tions, a well on Robinson Creek, Crook 
district, was drilled to the Brown shale 
(M. Dev.), deeper than most other wells in 
the territory, and tested 1,300,000 cu. ft. 
of open flow and 500 lb. rock pressure. Such 
a well justifies a considerable amount of 
exploration to this formation. In Peytona 
district, two additional Oriskany-sand 
(L. Dev.) wells were completed and a third 
test was dry in this field. This Bull Creek 
locality now has four Oriskany wells, prob- 
ably representing a southern extension of 
the Charleston gas field. In Sherman dis- 
trict two gas wells were completed north of 
the Cabin Creek oil pool, one being in the 
Salt sand (L. Pen.) and the other in the 
Berea sand (L. Mis.). 

In Braxton County drilling continued to 
be active in the Villa Nova gas pool, which 
will be discussed under Clay County. In 
Birch district, also, three wildcats, 2 or 3 
miles northeast of the Villa Nova pool, 
proved to be dry. In Holly district a wildcat 
located 2 miles northeast of Sutton and 
far removed from any production was 
reported as a gas well completed in January 
1941 with an open flow of 500,000 cu. ft. in 
the Gordon Stray sand (U. Dev.). 

In Cabell County the Porter Knob gas 
pool, mainly in Grant and McComas dis- 
tricts but extending into Carroll district, 
Lincoln County, was actively exploited. 
This pool was discovered many years 
ago, but never was pushed. In 1939 and 
1940 drilling became active and there are 
now at least 14 wells. These wells are mostly 
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in the Berea sand (L. Mis.) but a few have 
been drilled to the Brown shale (M. Dev.) 
with additional production. The average 
open flow has been about 500,000 cu. ft. 
and the average rock pressure about 375 
Ib. About 4000 acres appear to have been 
proved. 

The Bowen Creek gas pool, in McComas 
district, Cabell County and Union District, 
Wayne County, which may be classed as a 
1939 discovery, continued to be active. In 
1939 and 1940, 23 wells were drilled, all 
productive from the Brown shale, with 
an average open flow of about 165,000 
cu. ft. and rock pressure of about 425 Ib. 
The proved productive territory is at least 
10,000 acres. This pool, incidentally, is 
adjacent to and connects with the Sarah 
gas pool of Cabell County, where commer- 
cial production in the Brown shale (or 
Childres sand, as it should be called) was 
first developed in the state. Northward 
from the Sarah pool scattered wells now 
indicate a huge producing area that may 
connect with the Rome township develop- 
ment of Lawrence County, Ohio. 

In the Fourpole Creek gas pool of 
Guyandot district, Cabell County, and 
Ceredo district, Wayne County, some addi- 
tional drilling was done, resulting in small 
Brown-shale wells. About 2000 acres 
appear to be proved. 

In Calhoun County routine drilling for 
oil and gas continued. In the Sycamore 
oil pool of Sherman district seven Big 
Injun sand (L. Mis.) oil wells have been 
drilled, averaging 18 bbl. About 500 acres 
have been proved. 

In Clay County various oil and gas pools 
were considerably extended. In Otter dis- 
trict, four oil wells have been completed 
in the Big Injun sand on Charleston Fork, 
indicating a local pool or a northward 
extension of the Reed Fork oil pool. In 
Pleasant district a progressive development 
of several years indicates eventual gas 
development in the Big Injun sand in the 
area bounded by Elk River, Sycamore 
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Creek and Leatherwood Creek. The area of 
this probable territory, now only partly 
proved, is about 13,000 acres. 

The Villa Nova gas pool, of Buffalo and 
Otter districts, Clay County, and Birch 
district, Braxton County, discovered in 
1939, had about 35 completions in 1940, of 
which 18 were gas with average open flows 
of 2,783,000 cu. ft. and average rock pres- 
sure of about 500 lb. The largest well, in 
the Big Lime (L. Mis.), made 19,000,000 
cu. ft. One Big Lime oil well of 75 bbl. and 
one Big Injun oil well of 25 bbl. were 
brought in. There were also 14 dry holes. A 
recent Big Injun gas well at the extreme 
south makes the total length of the pool 
about 6 miles. About 3500 acres may be | 
considered as proved. 

In Gilmer County additional drilling has 
widened the Glenville gas pool on the 
northwest and southeast. In Troy district 
a 1o-bbl. wildcat.oil well in the Blue Mon- 
day sand (U. Mis.) was completed on 
Leading Creek north of Troy. In Center 
district a wildcat gas well in the Big Injun © 
sand, of unreported volume, was drilled a | 
mile or so northwest of Cedarville. 

In Harrison County, Grant district, 
Hope Natural Gas Co. is drilling a deep 
rotary-tool test on the Chestnut Ridge 
anticline a mile or more east of Lost Creek — 
village. This well began about July 1, 1940, 
and by Feb. 5, 1941, had reached a depth © 
of 9827 ft. Little or no gas was found in the 
Oriskany sand, which was the first objective 
and topped at 7290 ft. It is expected that’ 
the hole will be continued through the 
White Medina, or “White Clinton” sand 
(Sil.), which should not be far below the 
present depth. This well, besides being the — 
first rotary-tool test in West Virginia, has — 
reached a greater depth than any other 
hole in the Appalachian region. a | 

In Jackson County there was a great deal 
of successful deep drilling, as will be sepa- 
rately discussed later. : 

In Kanawha County there was a mod- 
erate amount of drilling to the upper sands 
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and much drilling to the deep Oriskany 
sand, as will be discussed later. One 
Oriskany well (Campbell Creek Coal Co., 
4-GW436, by Columbian Carbon Co.) was 
deepened to the White Clinton sand (Sil.) 
and tested 733,000 cu. ft. of open flow and 


_ 1800 lb. rock pressure. The well is in 


Loudon district, 213 miles west of Malden, 
and has about the same position on the 


western slope of the Warfield anticline as a 


small White Clinton sand well completed 
644 miles to the southwestward in Boone 
County in 1939. Two other Oriskany wells, 
farther north in the Charleston gas field, 


are now being deepened to the White 
- Clinton. 


In Lewis County, Collins Settlement 


district, a wildcat in the Big Injun sand 
at Chapman village, several miles from 


_ other production, tested 50,000 cu. ft. and 


700 lb. rock pressure. 
In Lincoln County, Union and Jefferson 


districts, a considerable amount of new 


Brown shale gas has been developed at the 


- southeastern edge of the Myra gas pool. 


Part of this comes from the deeper drilling 
of old wells. 

In Logan County, Logan district, a Big 
Lime wildcat, with 800,000 cu. ft. of open 


_ flow, was completed within the Logan city 
corporation. Farther northeast in the same 


district various good wells were completed 
in the Ethel gas pool. 

In Pleasants County, Grant district, a 
40-bbl. oil well was completed in a forma- 


tion logged as the Speechley sand or shale 


(U. Dev.). Other scattered wells at this 


_ approximate level in previous years afford 


some hope of new oil along the Burning 
Springs anticline. 

In Putnam County, Curry district, the 
Trace Fork gas pool, discovered about 
November 1939, now has 26 completed gas 
wells, with production in the Salt (L. 


- Pen.), Big Lime and Berea (L. Mis.) and 


Brown shale (M. Dev.). These wells have 


| averaged 800,000 cu. ft. and about 500 lb. 
_ rock pressure. Only one dry hole is reported 
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and only one well has been deepened to the 
Brown shale. At the end of 1940, 11 wells 
were drilling. Part of the wells are widely 
scattered, but a productive area of about 
10,000 acres seems assured, with the pros- 
pect that most of the wells will eventually 
go down to the Brown shale. In Teays 
Valley district a Salt sand (L. Pen.) wildcat 
on Hurricane Creek, 3 miles south of 
Midway, tested 1,000,000 cu. ft. and 460 
Ib. rock pressure at depth of only 906 feet. 

In Ritchie County, Clay district, the old 
Mole Hill oil and gas pool became active 
again by new drilling at the extreme head 
of Hughes River. Seven oil wells in the Cow 
Run sand (M. Pen.), at depth of about 
1100 ft. and with a 11-bbl. per well average, 
have been drilled. One small Big Injun gas 
well and two dry holes are also reported. 
This drilling is confined to an area of about 
200 acres. 

In Roane County, Harper district, drill- 
ing was fairly active in the old Flat Fork 
oil and gas pool, where production is 
mainly from the Salt sand (L. Pen.). In 
1940, seven oil wells averaging 12 bbl. per 
well and four gas wells, averaging 650,000 
cu. ft. per well, and 12 dry holes were 
drilled. This operation occurred in an area 
of about 2500 acres, some of which might be 
classed as new discovery. 

In Upshur County, Buckhannon dis- 
trict, the Lorentz gas pool is entirely new. 
The discovery well (Ruth Marple, 1-7754, 
by Pittsburgh & W. Va. Gas Co.), on Fink 
Run one mile east of Lorentz, had 243,000 
cu. ft, of open flow but apparently was not 
shut in for a rock-pressure test, as the 
Benson sand (U. Dev.) from which the 
gas came is known to develop high pressure 
with danger to well equipment. As of the 
end of 1940, four gas wells, partly in 
the Gordon sand (U. Dev.) and partly in the 


- Benson, had been completed, with an aver- 


age open flow of 260,000 cu. ft. and with 
mostly unknown, or unreported, rock pres- 
sure. One Gordon sand well, however, 
tested 1035 lb. Two additional wells were 
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drilling. The development to date indicates 
a productive area of about 1000 acres 
without any definition of outside limits. In 
the Holly Grove gas pool of Meade district 
various new wells in the Squaw (L. Mis.) 
and Gordon sand (U. Dev.) were completed. 

In Wayne County, Butler district, an- 
other Newburg sand (Sil.) gas well with 
700,000 cu. ft. of open flow and 1280 lb. 
rock pressure was completed in the Patrick 
Creek gas pool. Another test to this sand 
on Garrett Creek was almost dry. In 
Lincoln district a Big Lime (L. Mis.) and 
Brown shale (M. Dev.) gas well (Copley 
Hrs., 1, by Huntington-Oklahoma Oil Co.), 
completed on Camp Creek 114 miles south 
of Webb, tested 360,000 cu. ft. of open flow 
and 360 lb. rock pressure. Two previous 
wells in the same locality had production 
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in upper sands, but the shale discovery 
appears to be new and may open a distinct 
pool for this formation. In Stonewall dis- 
trict, the Hany gas pool was extended 
northward by two Big Injun sand wells. In 


Union district the Wayne gas pool was very 


active. The initial drilling apparently oc- 
curred some years ago but the development 
gained momentum late in 1938 and con- 
tinued briskly through 1939 and 1940. At 


least 32 gas wells and 4 dry holes have been 


drilled, and 9 wells were drilling at the end 
of 1940. Production is mainly from the 
Brown shale (M. Dev.) but there are scat- 
tered wells in the Big Injun and Berea 


sands (L. Mis.). The open-flow average is 


about 325,000 cu. ft. and the rock pressure 
about 450 lb. per well. In some parts of the 
pool the drilling is hardly enough to prove 


TABLE 2.—Important Wildcats Drilled in West Virginia during 1940 


Location 
wet Total 
Magisterial Surface 
County District ar he Formation 

3 Lat. Long. 

So 
Za 

Ai BOG Fehon oes tres Crook 4.91 mi. S. of 38° 05’ | 3.61 mi. W. of 81° 40’| 4,294 | Pen.-Kanawha 

2| Braxton...... Birch 4.06 mi. 8. of 38° 40’ | 2.15 mi. W. of 80° 50’) 1,898 | Pen.-Allegheny 

C3 Le) OE Raa reieenrrt rame rscsc Birch 0.95 mi. 8. of 38° 40’ | 2.05 mi. W. of 80°50’) 2,784 | Pen.-Conemaugh 

4|Braxton...... Birch 0.49 mi. 8. of 38° 40’ | 3.51 mi. W. of 80° 50’| 2,187 | Pen.-Conemaugh 

134 (Gr cok ae a Barboursville | 5.40 mi. S. of 38° 30’ | 2.96 mi. W. of 82° 15’| 3,064 | Pen.-Conemaugh 

6 Cabell coe neers ois ch colctects McComas 4.09 mi. S. of 38° 25’ | 2.35 mi. W. of 82°10’) 3,448 | Pen.-Conemaugh 

il CHilmM ANS cmt nea vinta coats Center 4.62 mi. 5. of 38° 55’ | 0.45 mi. W. of 80°50’| 1,944 | Pen.-Conemaugh 

8) Gilmiers op tort Giasinnies by cane Troy 3.32 mi. 5. of 39° 05’ | 1.18 mi. W. of 80° 45’} 1,652 | Pen.-Monongahela 

Oi JackeOMis ieee eee ake Ravenswood | 5.32 mi. §. of 39° 00’ | 2.67 mi. W. of 81° 35’| 5,042 | Perm.- rd 
10 | Kanawha ante j 1,01 mi. 8. of 38° 20’ | 1.89 mi. W. of 81° 15’| | 2,321 | Pen.-Kanawha 
DU LAWis eter cise ieee Aeon te par * 2.60 mi. 8. of 88° 55’ | 1.37 mi. W. of 80° 30’} 2,627 | Pen.-Conemaugh 

emen 

U2: | hanaolisevg, cs tss,cewt caja vere Sheridan 5.53 mi. 8. of 38° 20’ | 0.42 mi. W. of 82° 10’| 3,077 | Pen.-Allegheny 
19) OPAO a Reciatae gace wise acess Logan 4.41 mi. S. of 37° 55’ | 4.03 mi. W. of 81° 55’ ? Pen.-Kanawha 
NA Nihilist. crue sees ontetoans Jefferson 2.27 mi. 8. of 88° 20’ | 1.64 mi. W. of 81° 05’) 2,735 | Pen.-Kanawha 
LS i Putas eee: va hte deonken Teays Valley | 4.31 mi. S. of 88° 35’ | 4.41 mi. W. of 81° 55’ 996 | Pen.-Conemaugh 
16" PUMA, re cathe os Teays Valley | 4.87 mi. S, of 38° 35’ | 0.99 mi. W. of 82°00’ 4,490 | Perm.-Dunkard 
LIP RENGOW Ae. coy anc cece Valley Bend | 3.37 mi. S. of 38° 50’ | 4.48 mi. W. of 79° 50’! 1,660 | Dev.-Portage 
PS: |WWDANUT. . Anec saa ate baat k hes Buckhannon | 5.03 mi. 8. of 39° 05’ | 2.20 mi. W. of 80° 15’| 4,551 | Pen.-Conemaugh 
AOAY BYTE amaze cae nite ate tte Lincoln 3.78 mi. 8. of 38° 00’ | 3.32 mi. W. of 82° 25’| 2,671 | Pen.-Kanawha 
ON WERT cs staan: sipra ie etiswecen evi Union 4.90 mi. 5. of 39° 20’ | 2.41 mi. W. of 82° 25’| 3,143 | Pen.~Conemaugh 
INV OO wee niet iss cunt tenis Steele 2.51 mi. 8. of 39° 10’ | 3.81 mi. W. of 81° 30’| 4,816 | Perm.-Dunkard 
22 WW ODdeown its 4.2 slate iaaee Tygart 5.10 mi. S. of 39° 15’ | 3.60 mi. W. of 81° 30’ Perm.-Dunkard 
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continuous development, but a territory 
of about 11,000 acres, extending from the 
head of Millers Fork northwestward for 
about 8 miles to the valley of Twelvepole 
Creek and at present stopping about one 
mile northwest of Herbert, seems assured. 
An ironical aspect of this development is 
that the old Wayne County Poor Farm 
No. 1 well, which might have been the pool 
opener and which was drilled by local 
operators in 1925 or earlier with only slight 
amounts of gas and oil in the upper sands, 
was rigged up and drilled deeper to the 


shale in 1940 with fair production. 


won eS 


NY 


eye 


Lee a 
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SUMMARY OF EXPLORATION 


Table 2 gives a summary of important 
wildcat or exploratory wells drilled during 
1940, together with some others that have 
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revealed unexpected deeper production in 
old fields. 


IN ORISKANY SAND 


Drilling to the deep Oriskany sand (L. 
Dev.) continued to be active in both Jack- 
son and Kanawha Counties. The cumula- 
tive results of Oriskany drilling in these 
two counties since the first discovery are 
summarized in Table 3. In Jackson County 
39 successful Oriskany gas wells were com- 
pleted in 1940, without the occurrence of a 
single dry hole. This new production, 
amounting to 233,016,000 cu. ft. per day, 
was mostly found in a northward extension 
of the Elk-Poca pool but is not strictly 
confined to that area. In Grant and Ravens- 
wood districts, the Buttermilk gas pool 
now has three Oriskany sand wells and one 
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TABLE 2.—(Continued) 


VB Age) (Va 


a) nah att 


Initial Production ‘ 
per Day Tubing or 
Deepest Casing 
Horizon Drilled by Property and Pressure, Remarks 
Tested Well N : Lb. per 
Oil, Gas, M Sq, In. 
a Bbl. Cu. Ft. . 
Z 
1| M. Dev.-Shale Pond Fork Oil & Gas| Pond Fork Coal Co., 0 1,300 500 Brown shale gas well 
Co. 17-56 (18 hr.) ’ 
2|L. Mis.-Pocono Z. N. Connolly Dewey Baker, 1 0 0 0 Dry through Big In- 
jun 
3 | L. Mis.-Pocono Pittsburgh & W. Va.|G. B. Fisher, et al., 0 0 0 Dry through Berea 
Gas Co. 1-7725 + Aue 
4|L. Mis.-Pocono pee & W. Va. & me Fisher et al., 0 0 0 Dry through Big Injun 
Gas Co. a 
5 |M. Dev.-Shale Merritts Creek Gas Co. Poundstone Realty Co., 0 240 aie Brown shale gas well 
- r. 
6 | M. Dev.-Shale G. L. Meabon & Co. | Emily & Patrick Bled- 0 164 365 Berea and shale gas 
soe, 3 (24 hr.) well — 
7 | L. Mis.-Pocono Burge, Lowther & Shu- | Scott VanHorn, 1 0 50 ? Big Injun sand gas 
man wel : 
. Mis.-Mauch Chunk] Bruce Haney T. C. Scott, 1 10 0 0 Blue Monday oil well 
; L Dev. Oriskany i. Columbian Carbon Co.} P. F. Riggs et al., 1 0 6,000 ? Oriskany gas well 
10 | L. Mis.-Pocono E. L. Lusher O. D. Hill, 1 | 0 0 0 Dry through Berea 
11 | L. Mis.-Pocono Massey Oil & Gas Co. | George G. Keith, 1 0 50 700 Big Injun gas well 
12 | M. Dev.-Shale One Mile Gas Co. Sn ang & Min- 0 220 ? Brown shale gas well 
eral Co., es 
. Mis.-. O. B. Cunningham John Justice, 1 0 800 ? Big Lime gas well 
if i ak een Hope Nat. Gas Co. C. & H. Corp., 7822 0 47 2 Be Monday gas 
show 
15 | L.-Pen. Teavee Oil & Gas, Inc.| C. E. Hodges et al., 0 1,000 @ ee ) Salt sand gas well 
1-11 r 
16 | L. Dev.-Oriskany Teavee Oil & Gas, Inc. | Mees Hrs., 1-5 0 40 (60 ne ) Oriskany gas show 
17 | L. Dev.-Oriskany oben’ ie Alle- | Elva Simmons, 1-303 0 0 0 Dry through Oriskany 
heny Gas Co. 
18 | U. Dev.-Chemung Pittsburgh & W. Va.| Ruth Marple, 1-7754 0 243 i? Benson sand gas well 
Gas Co. ee 
19 | M. Dev.-Shale Lines Weaiaaaed Copley Hrs., 1 0 360 360 ee en Brown 
Oil Company 
20 | M. Dev.-Shale Rentack We Va. Gas | J. B. Burgess, 1-W-57 0 60 (ro ae ) Brown shale gas well 
Company i f 
21 | L. Dev.-Oriskany United Carbon Co. 5 a Grimm et al., 0 119 cite ) Oriskany gas well 
i ; d 1 2 
22 | L, Dev.-Oriskany Glen W. Roberts C. W. Cook, 1-33 0 0 0 Dry through Oriskany 


ee ee a ee ne a eee ee ioe 
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Brown shale well and therefore may be 
safely classed as a pool. Its present known 
area is at least 1000 acres without dry-hole 
limitation. A new Oriskany well (P. F. 
Riggs et al., 1, by Columbian Carbon Co.), 
in Ravenswood district southeast of Oda- 
ville, is 3 miles south of the Buttermilk 
pool and may or may not be an extension. 
Another wildcat (B. B. Meadows, 1-875, 
by United Carbon Co.), in Ripley district 
2 miles northwest of Kenna, has been 
reported late in January 1941 as having 
455,000 cu. ft. of open flow and 1620 lb. of 
rock pressure in the Oriskany. This well is 
7 miles northwest of the Elk-Poca pool. 
Viewed in the light of known pools and the 
various successful wildcats the gas future 
of Jackson County appears particularly 
bright. 

In Kanawha County, Oriskany sand 
operations are now mostly routine. The 
proved area of the Elk-Poca pool, however, 
situated partly in Kanawha and partly in 
Jackson County, increased about 8000 
acres in 1940, mostly on the west and 
north. New Oriskany drilled in Kanawha 


. i 
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County included 66 gas wells, and only two 
tests that proved unproductive in this 
sand. Total new Oriskany gas was 217,836,- 
ooo cu. ft. Various wells in both Jackson 
and Kanawha Counties had production in 
sands above the Oriskany. Such production | 
has been eliminated from Table 3. 

In other counties, outside of Jackson and 
Kanawha, various Oriskany sand wells 
have been drilled without very good results. 
In Boone County, Peytona district, two 
additional wells were completed to this 
sand in the Bull Creek pool in 1940, one 
having 450,000 and the other 959,000 cu. ft. 
A third well, completed early in 1941, was 
dry. Altogether, five Oriskany tests have 
been made in this locality with only three . 
Oriskany producers. One of the others had 
gas in formations above and below the 
Oriskany. A sixth well is now drilling. In 
Harrison County, Grant district, the rotary 
test near Lost Creek has already been 
described as dry in the Oriskany. In Put- 
nam County, Teays Valley district, a well 
on the head of Five-and-Twenty Mile 
Creek had 40,000 cu. ft. of gas and 600 


TABLE 3.—Oriskany Sand Wells, Jackson and Kanawha Counties, W. Va. 


Completed before 1940 Completed in 1940 
* 
Number 
County and Gas Wells Gas Wells Deiten aa ‘ 
abet Dry | Total Unreporte 
istrict in Num- Jan. I, q 
Num- Gas Oris- | ber of | Num-| Gas, IO4I 
ber of M Cu Rt kany | Wells | ber of M 
Wells aa Wells | Cu. Ft 
Jackson County: 
TARE (ot teic sian oO is) [s) ie) 2 717 rt) i) 
Ravenswood.... 3 3,260 2 5 I 6,000 Co) 3 
LDIOV A seater elnue 8 52,612 2 10 Zt 1 Tas:39a ° Ir 
Washington.... 6 48,777 2 8 15 98,066 fo) 3 
OCBLi. cays. <n 3 17 104,658 6 2 9 | 233,016 ° 
Kanawha County : y =e * 
Big Sandy...... ts) to) I I C9) ts) ° ts) oO 
Cabin Creek.... ° to) 3 3 0) ° to) to) ° 
Charleston..... I 88 to) I te) ° oO ° ° 
PLA tay. ites 3 80 372,381] 10 99 I 2,037 (0) I 4 
Jefferson....... ta) I I (a) te) ° (9) ° 
OUGON ves. sien s 8 3,788 5 13 ° o ° te) ° 
Malden:......... 35 73,181 5 40 to) ta) ° fe) 0 
oca uk 203 | 1,061,147 bi 204 63 | 210,686 I 64 24 
CUD Oh Deters tare, ot 10 21,9018 to) 10 2 4,213 I 3 2 
Washington. ... to) 0) 2 2 ° 0 Cy) a 
TOGAL cai store's 346 | 2,432,503} 28 374 66 | 217,836 68 33 a 
Grand totals. i2%.s 363 | 2,537,161| 34 3907 105 | 450,852 107 50 
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Ib. rock pressure. In Randolph County, 


_ Valley Bend district, a well near Steiner 


had Oriskany salt water. In Wayne County, 
Butler district, a well on Patrick Creek 


gave no Oriskany gas, but was a producer 
_ in the Newburg. In Union district a well on 
_ Garrett Creek had neither Oriskany nor 
_ Newburg production. In Wood County two 


i * 


_ Oriskany tests were completed. One of 


_ these, in Steele district, northwest of Sauls- 


>, oe 


ae 


ws 
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_ bury, tested 119,000 cu. ft. in the Oriskany. 


The other, in Tygart district 2 miles south- 
west of Mineral Wells, was dry. 


OPERATING TECHNOLOGY 


Two principal items make up the history 
of technologic advance in 1940. One is the 


- further progress in the dehydration of gas, 


which has now become highly important. 
To a large extent, dehydration is accom- 
plished at central plants, of which five or 
six are now in operation. One of these, built 


in 1940, is a Blaw-Knox unit installed by 


Columbian Carbon Co. on Grapevine 
Creek, Poca district, Kanawha County. 
The same company has also built six small 


individual dehydration plants designed to 


treat the gas at the well mouth. These 
units have a capacity of 5,000,000 cu. ft. 
per day each, using diethylene glycol for 
the dehydrating solution and getting oper- 
ating power from a small pressure drop to 
keep the solution in circulation. The unit is 
automatic, requiring inspection only at 
8-hr. intervals. 

The other principal item is the liquefac- 


tion of natural gas, which is desirable to 
permit. storage at localities where winter 


peak loads create sudden large demand. 
This problem apparently has been solved 


_ by certain gas subsidiaries of Standard Oil 


Company of New Jersey. After a combined 


research and laboratory campaign a pilot 


plant was built in 1939, at the John J. 


Cornwell Compressor Station of Hope 


Natural Gas Co., Kanawha County, West 
Virginia, followed by the building of a 
commercial unit by The East Ohio Gas Co. 
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at Cleveland, Ohio, in 1940. The Cleveland 
plant permits large quantities of gas, trans- 
ported from the West Virginia fields in 
periods of low demand, to be liquefied and 
stored near the place of use. On a peak 
demand the liquid is quickly regasified for 
ordinary use. This research and final plant 
construction has been ably described by 
technicians of the companies concerned.* 


Pree LINES, COMPRESSOR STATIONS 
AND MARKETS 


Very few pipe lines of consequence were 
built within the state. In the Elk-Poca 
gas pool of Jackson and Kanawha Counties, 
Columbian Carbon Co. extended its lines 
farther afield. This company also built a 
300-hp. compressor station at Aarons, 
Kanawha County, and a 1200-hp. unit on 
Grapevine Creek in the same county. 
Godfrey L. Cabot, Inc., laid about 54 miles 
of new gas lines of various sizes, one of 
which was an 8-in. line from Sissonville to 
South Charleston, Kanawha County. The 
same company built two compressor sta- 
tions in the vicinity of Sissonville. Owens- 
Libbey-Owens Gas Dept. built 844 miles 
of 8-in. line in Wayne County. Outside the 
state, Atlantic Seaboard Corporation, a 
subsidiary of Columbia Gas & Electric 
Corporation, built a 1700-hp. compressor 
station at Gala, Botetourt County, Vir- 


-ginia, making it possible to handle more gas 


on its Ky-W. Va.-Va.-Md.-Pa. 20-in. line. 
In Pennsylvania, certain other units of 
C. G. & E. Corporation built new lines from 
southwestern Pennsylvania to the vicinity 
of Olean, N. Y., mainly designed to afford 
an additional outlet for West Virginia gas 
to the New York State markets. 

The price of oil has fluctuated. Starting 
at $2.34 per barrel on Jan. 1, it dropped toa 
low level of $1.44 on Aug. 28, but had risen 
to $1.74 on Dec. 17. The price of gas at the 
well mouth has remained almost stationary, 

* J. A. Clark and R. W. Miller: Liquefaction, Stor- 


age and Regasification of Natural Gas. Amer. Gas 
Assn. Meeting, Atlantic City, 1940. 


520 


at about 13¢ per M cu. ft., but the demand 


has considerably improved. 


CouNTY SUMMARY 


Table 4 shows by counties the new 
development in West Virginia during 1940. 
This information is compiled from all 
available sources, including the trade 
journals, the West Virginia Department of 
Mines, the West Virginia Geological Sur- 
vey, the special Plat Service offered by 
Veleair C. Smith, Management, and from 
private reports. 

The various reports are not in entire 
agreement, but Table 4 attempts to reflect 
a careful history of every individual well 
completed in the state in 1940. 

According to the Department of Mines, 
782 permits to drill were issued, including 
60 permits to drill old wells deeper. Of these 


TABLE 4.—Summary of New Development in West Virginia during 1940 


OIL AND GAS DEVELOPMENT IN WEST VIRGINIA DURING 1940 


permits 675 have been reported to the: 
Department as completed, but this Depart- - 
ment summary includes holdover comple- - 
tions from 1939 permits. To a considerable : 
degree the time lag, from date of permit to) 
date of completion report, accounts for: 
most of the discrepancies between the: 
Department of Mines figures and those : 
obtained from other sources. 
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New Wells Wells Drilled to Deeper Sands 
i 
Oil Wells Gas Wells Production : 
County 
Fe gee Dry ] 
er oO s 
Wells | Num- | Bbl. Num- Wells Oil, | Gas, M| Holes 
ber of per ber of Bbl. per| Cu. Ft. 
Wells | Day | Wells D ! 
Boone 38 I 4 36 14,402 I 3 fe) 2,473 (9) 
Braxton 30 4 I55 17 14,443 9 re) ° fo) og 
Brooke 4 4 22 oO te) 7) ° ° te) og 
Cabell 2 30 25 4,970 3 2 oO 321 °o 
Calhoun 5 192 16 7,188 6 2 5 95| -48 
Cla caistshere icici! Fanaa I 106 22 43,767 14 ° ) °o og 
Doddridgs. ha .tiria as 0 re) oO 0 0 I 0 113 Oo. 
Bayetter ccm valeurs 4 to) te) I 174 te) ° te) ° te) : 
Gm er den thete areata 3 Kyi 47 13,580 10 8 2 212 to) : 
LEW holcfovel emir Oe CM GIG ee 6 46 (0) ° 3 ts) (0) oO (0) { 
Pr arrinistie ernie. awe ee (9) (0) 3 462 ° 3 ts) 353 (0) 7 : 
nee Srna acee a had 2 12 39 | 233,016 ° ° ° ° oO 
Kanawha 2 24 77 | 224,494 I 2 0 | 27,055 = 
OWE Kgs cise tion oa ° ° 4 4,047 ° 4 I 202 og! 
Lincoln 3 31 18 4,901 ° 2 (0) 2,256 29 
Logan. ° te) 7 4,318 fe) to) (0) t0) og 
Marion. (3) (7) 2 81 I I (a) 240 om 
Matetiallii lies .c:1ct Us ss ° to) 5 5Ir 2 I ° 450 og 
NUE SOMotnrarere seine taiote ae ts) ° 7 1,869 I C9) ° ° om 
Monongalia........... I 6 7 1,362 I 2 ° 210 on 
NIGHOLAB. couche a cuts ater ° rt) I 54 I te) ° 0 oe 
Pleasants. yon one veh, ke 4 113 6 1,367 7 ° Co) to) om | 
seqFirinl heel ey Pn art Aya 0 0 32 23,743 I 0 ° ° om i 
Ritchie 3 152 40 13,706 28 3 0 604 fe 4) 
Roane 7 81 6 3,788 16 I 5 to) ° { 
LEVIED Nassctle tive er 2 2 2 750 7 ° to) (0) fo) 
Upshutmnecdiactige the. e oO to) Il 4,266 2 ° (9) 0 oO . 
WWE UG Rate reece. uate I 7 31 11,587 6 bh fe) 1,160 o- 
8 ag Sem tint Rar) t 2 3 482 4 8 (0) 8,840 3 
i ipaatepdey atarshec hunts, So! toy 4 350 10 I te) 150 
Ai otek Sanit 4 119 5 (0) (0) ee 5 4 
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Hopkins; Godfrey L. Cabot, Inc., Mr. 
Charles Brewer, Jr.; Columbia Gas & 
Electric Corp., Mr. E. E. Roth; Columbian 
Carbon Co., Mr. R. B. Anderson; Hope 
Natural Gas Co., Mr. E. H. Tollefson; 
Owens-Libbey-Owens Gas Dept., Mr. R. C. 
Lafferty; Veleair C. Smith, Management 
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(Plat Service), Mr. V. C. Smith; United 
Fuel Gas Co., Mr. A. H. McClain; West 
Virginia Gas Corporation, Mr. J. E. 
Billingsley. Mr. H. F. Johnston, assistant 
to the writer, has ably handled the statis- 
tics on completions, production, and many 
other details. 


Development of Oil-field Activities in Argentina during 1940 


By Mario L. ViLrta* 


ARGENTINA’S oil production continues 
in its upward trend. The year 1940 closed 
with an important increase over 1939; that 
is, 1,996,371 bbl., or 10.72 per cent. 

The Government oil fields (Y.P.F.) are 
responsible for these results, as their total 
output was 12,474,655 bbl., which com- 
pared with the 10,222,533 bbl. produced 
in 1939 represent an increase of 2,252,122 
bbl., or 22.03 per cent. Fields operated by 
private companies yielded 8,134,882 bbl., 

Manuscript received at the office of the Institute 
March 29, 1941. 


* Gerente General, Yacimientos Petroliferos Fis- 
cales, Buenos Aires, Argentina. 


against 8,390,633 bbl. in 1939, a decrease of | 
255,751 bbl. (3.04 per cent). 

To the total of 20,609,538 bbl. produced 
in 1940 in Argentina, the Comodoro 
Rivadavia field contributed 14,976,222 
bbl.; Plaza Huincul, 1,275,814 bbl.; the 
Province of Salta, 1,845,977 bbl. and the 
Province of Mendoza, 2,511,475 bbl. 

Table 3 compares the output of com- 
panies working in Comodoro Rivadavia. 

The total increase of 186,819 bbl. (1.26 
per cent) registered in the Comodoro 
Rivadavia area is due only to an intensifica- 
tion of development programs in the known 


y 


TABLE 1.—Oil and Gas Production in Argentina 
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Area Proved, | Total Oil Production, Bbl. 
Year of ] 
sg Field, Territory or Province Discoy- 
g ery : 
z Oil Gas® | To End of 1939 | During 1940 
g 
4 - 
; 
Comodoro Rivadavia, Chubut Territory j 
1 33 11,190 990 103,885,854 4,352,504 i 
2 16 | 10,680 | 690 | 51,498,312 | 9,624,002 
3 24 | 2,930 | 250 | 17,191,325 999,76 
4 7 24,361 
5 22 220 120 1,648,993 39,640 ‘ 
6 14 1,580 370 4,089,582 943,384 
7 16 590 250 9,567,247 292,781 
8 6 40 678 
9 14 940 4,546,859 715,366 — 
10 ORG: NAD PP OOPO st wnt a deat wat Recah cateecnet pees tenon fiers 12 370 9,715,817 836,740 
11 ons, Agis BlAting:, csc, eee ates a atin ake once Nae 14 50 919,629 72,624 i 
12 ZiGe Ro Pestadol tank pte chee chi nle Cc iicaen ts ees 7 90 39,935 221,247 
Province of Mendoza q 
13 Pons Cachertanys Jdy. 1 cece ectn ricco oh at ee nis te eae 9 360 352,001 56,136 | 
1b lhe Bone Tapeneato nt gee ees Ee ates 7 300 845,426 | 2,315,048 
15 Zones) NomnPAd Osa. hassel oA RIMEBK CR Con eae be 15 50 261,079 2 
16 Zone Ranquil-cé 2 1,905 45 
17 Zone Lunlunta?........ 2 50 1,209 139,336 — 
18 Totals: cts tiaanue vette 29,440 | 2,670 204,634,212 20,609,538 
4 


» Footnotes to column heads and explanation of symbols are given on page 256. 


1In 1940 normal exploitation was begun; this area previously was included in the Aguas Blancas zone. 
2 Comprises the wildcat zones of Lunlunta and Barrancas, 
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TABLE 1.—(Continued) 


r Total Gas Production, : -] js 
; Millions Cu. Ft. Number of Oil and/or Gas Wells tion Methods, | _ Pressure, Character 
pee be _ End of 1940 | Lb. per Sq. In. of Oil 
During 1940 End of 1940 ae 
To End of | Duri Pra 
§ io 0 Arbre ec Avg. at A.P.I. at 
940 se - a 2 g End of Bing 60°F ., 
g ex 3 2 ES bo be 1940 | 28 | Weighted 
2 oS 3 5 £A 4 42 wo | 3a a= | Average 
Sing a = ae 3 5 2 | ‘S a3 gs i 
F Beale |e (ies lee | ea] & |ge| Ss 5 
3 Se iS} 2 ann fo) te) S rate =I aS 
3 Ss) 0 el ee cea i eo ac 
> 1} 163,556 | 7,175 | 2471 | s9| 70| 204 | 4,716} 26 | 18 ON Bae Race me 
| 2} 34302 | 5419 | 795 | 145) 8] 77 | 698] 34 Ba het OU eee a Ne dais 
3} 10,734 7i2-} 760 | 25) 38 | 178 | 347| 23 os5 | a] PM 190 
4 4 2 x 231 
m5} 1,773 195 84 16 46| 2 
P 307 
6 |- 8,033 p ET ae ae tae 1.8 ee a re ies 5 ee em 1,110 | 620 PM 354 
7] ~~ 9,693 276 | 213 10| 52 90} 2 z| RP 336 
= s| 1,624 5 ie PRE x 384 
Bo} 6882 | 853 164 | 18 39 | 126 19 | 26 | 783 | 608| PM 454 
10} 9,516 1,125 45 18 27 21 1 | 726| 527] PM 445 
a 6 1 4 1 ee Os ae maT 479 
4 179 9 a Macy ae 9 8 1,926 | 1,641] PM 499 
2B 40 43 1 2 26 1 z x 316 
14 219 569 17 7 Oe 8 ae 13 13 3,329 | 3,153 333 
15 14 14 2 129 
Eis és 2 4 1 2 a 135 
2 
2 246,422 | 18,692 al cas a 


p F : Deepest Zone Tested 

Producing Formation to End of 1940 

j Depth, Avg. Ft. 

4 

x - 

f 

. z Name Age® g Name 

4 g see s Top Bottoms |. is 4, 

S 2 & | Prod Bey 5 Sy 

is 8 @ Zone Wells |B wp 3 2s 
A A 5 Se aS 

A 1S) ay Zs n A 

Zs 1} Glauconitico y Chubutiano CreU 8 28 { bee aay 30} AF Chubutiano 7,751 

% 2 | Glauconftico y Chubutiano CreU i) 25 | ee rote 36| AF | Chubutiano 6,389 

¥ 3 | Glauconftico y Chubutiano CreU § 28 1,640 2,130 13) AF Chubutiano — | 3,660 

_ 4] Chubutiano CreU § 20 2,890 2,920 26 A Chubutiano 6,615 
5 | Dogger Jur S Por 1,870 1,990 39] MU | Lidsico 3,011 
6 | Dogger Jur S  |20-29} 2,480 2,722 36) MU Lidsico 5,320 
7 | Dogger Jur 8 Por 2,686 2,878 56] MU _ | Lidsico 4,202 
8 | Dogger Jur 8 18 3,346 3,367 7| MU - | Lidsico 5,038 

4 Areniscas superiores Cre(?) ont § 2139 | 2,214 

p 9 j Coeareo v Gondvana Por \ S-LS |12-20 { 2,783 3008 } 33 A Pondwany 6,035 

10] Gondwana y Devénico Per-Dev 8 Por 2,899 2,995 30 A Devénico 3,920 

11} Areniscas superiores Cre(?) S |12-22} 4,592 4,920 40 A Gondwana 5,182 

12 | Gondwana Per ‘ 4,175 4,376 | 103 A Terciario 4,864 

a Victor, Cacheuta : MUP 

13 | | y Potrenllos Ay S | Por] 1,040 | 3,080 | 13/{ AF | serie Porfritice | 4,203 

4 14 | La Pilona y Ter HS | Por { ee ea 69 A Victor TS 

15 | Victor Tri 8 544 | . 551 13} MI } “a 

- 16] Neocomiano Ter-CreL CreL| LS Por 939 1,220 30 A Serie Porfiritica | 3,599 
17 | Potrerillos Tri 8 Por 7,721 7,892 45 A Potrerillos 9,479 
18 aed 
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areas, as no new pool has been discovered. 

Wells 1677, S-136 and N-s drilled by 
Y.P.F. in this field are worth mentioning. 
The first, a deep-test well drilled in the 
old central area, reached 7715 ft. without 
encountering new oil accumulations below 
those already known. It was plugged back 
to 2818 ft. and put in production. The 
second well was drilled as a wildcat in the 
southern section of the new El Tordillo 
area, which will be kept as a reserve zone 
for future development. Well N-s, drilled 
on the Ballena hill in Colonia Las Heras, 
approximately 150 km. to the southwest of 
Comodoro Rivadavia, reached a depth 
of 6139 ft. without finding productive 
formations. 

In the Bella Vista zone, 13 km. north- 
west of Comodoro Rivadavia, well 1692 
reached 4371 ft., encountering only oil 
shows. 

Wells 0-3 and o-4, drilled in the San 
Jorge Gulf, 48 and 50 km., respectively, to 


OIL-FIELD ACTIVITIES IN ARGENTINA DURING 1940 


the south of Comodoro Rivadavia, were 
nonproductive. 

The Plaza Huincul district, in the ‘Terri- 
tory of Neuquén, taken as a whole shows a 
decrease in production amounting to 23,284 
bbl. (1.79 per cent) notwithstanding the 
fact that the Government-operated areas 
increased their output by 34,702 bbl. 
(5.41 per cent). Table 4 compares produc- 
tion by companies. 

Well NL-1, a wildcat drilled by Y.P.F. 
approximately 20 km. northwest of Plaza 
Huincul well No. 1, found a gas sand of 
good production at 3469 ft. Well NP-1, 
drilled also by Y.P.F., approximately 70 
km. east of well No. 1, reached a depth of 
4933 ft. without finding oil or gas shows. — 

Near Senillosa Station NS-2 well was 
drilled 65 km. east of the center of the 
Government-operated area, finding at 1935 
ft. a gas sand that gave a daily output of 
1.6 million cu. ft. of gas. 

Oil production in the Province of Salta 


TABLE 2.—Summary of Drilling Operations in Argentina 


Important Wildcats Drilled by Yacimientos Petroliferos Fiscales in 1940 


— hae: 
tion per 5 ; 
Day In. 
Province Well Surfaos Deepest 
or Location : Horizon i 
Territory No. : Formation Tested r= a 
' = + 
FI ; 
4 jAa| 2s 
2 fa lg 5 g 2 3 
rs a Sai85|8\e } 
a a ae |e 7 
1 | Chubut....... Comodoro Rivadavia | 8.136 | 6,061) Pliocene Upper Cretaceous} 755 7 
2 | Chubut....... Comodoro Rivadavia | 1677 | 7,751) Oligocene Upper Cretaceous | 151 . ; 
3: Chubut; ie. .: Comodoro Rivadavia | N.5 6,139} Cretaceous Jurassic Dry hole’ 
4 | Chubut....... Comodoro Rivadavia | 1692 | 4,371| Tertiary Upper Cretaceous Dry hole — 
5 | Chubut....... Comodoro Rivadavia | 0.3 | 1,407| Tertiar Upper Cretaceous Dry hole 
6.) Chubut. .. ce 0.4 | 2,667) Upper Cretaceous | Upper Cretaceous Dry hole | 
7 | Neuquen...... NL.1 | 3,792] Upper Cretaceous | Jurassic 2 
8 | Neuquen...... NP.1 | 4,933] Upper Cretaceous | Jurassic Dry hole 
9 | Neuquen...... NS.2 | 4,131 Co Cretaceous | Jurassic 1.6 . | 
10 | Salta......... T.106 | 3,908) Pliocene i Dry hole — 
11 | Salta......... 8.5 3,779) Pliocene i Dry hole 
IDSA ange kee Upper Tertiary iassi Dry hole 
13 | Mendoza Pliocene jassi 1,258 45 | 40 | 
14 | Mendoza...... Pliocene Triassic 2,202) 0.2} 0 | 70 [ 
15 | Mendoza...... 1,486] Lower Cretaceous i Dry hole 


In Proven Fields | Wildcats 
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- (Table 5) increased by 135,430 bbl., which 
represents mainly the yield of the new 
Rio Pescado area incorporated by Y.P.F. in 
July 1940. The other areas, operated by 
_ the Standard Oil Co., decreased their out- 


TABLE 3.—Output of Oil in Comeodoro 


Rivadavia 
1939, 1940, Differ- 
pompeny, Bbi. Bbl ence 
- Yac. Petr. Fiscales} 8,283,496] 8,469,730] +186,234 
_ Ferrocarrilera.:.. 960,200 947,500] — 12,700 
_ Industrial y 
e Comercial..... 215,778 234,743] + 18,065 
me Diadema........ 4,206,054] 4,203,833] — 2,221 
BRPASEEA of. y ae ne 840,803 898,118] + 57,315 
SLEE 0 eee 283,132 222,358| — 60,774 
GROt Alea. srensce #3 14,780,463] 14,076,282] +186,819 


_ put, which must be considered due to the 
normal decline of the fields. 

_ Well T-106, drilled in the southern sec- 
tion of the Tranquitas area, 9 km. from 
well T-1, confirmed data obtained from 
well T-80 proving the location of the oil- 
z water contact. 

- Wildcat S-5, drilled 7 km. northeast of 
the Rfo Pescado area, reached a depth of 
3777 {t., finding only a gas sand between 
682 and 695 feet. 

In the Province of Mendoza oil produc- 
tion experienced an important increase 
resulting from the development program 
- put into operation in the Tupungato area, 
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had only seven producing wells drilled in 
the lower horizon, totaled 2,315,947 bbl. in 
1940; that is, an increase of 1,559,327 bbl. 
Over 1939. 

Well T-22, which in 1940 produced 


TABLE 4.—Comparison of Production by 


Companies 
1939, 1940, Differ- 
Sr oey, Bbl. Bb. | ence 
Yac. Petr. Fiscales...| 640,712] 675,414| +34,702 
Standard Oil Co..... 236,026] 197,437 eS pess 
a 


Gis Astra... eee 


Gia Ua Reonhiees Bate 


7,944 
414,366 402,963] —1I1,403 


1,209,048] 1,275,814] — 23,234 


eae ee Y.P.F. bought the area oper- 
869,769 bbl. of oil, has yielded in 15 months 
(since production began) 1,081,276 bbl., 
occupying thus a leading position among 
the country’s good producers. 


TABLE 5.—Output of Oil in Province of Salta 


1930, 1940, Differ- 
Company Bb. Bbl. ence 
Yac. Petr. Fiscales. . 490,702} 818,046] +327,344 


Standard Oil Co....] 1,219,845] 1,027,931] —121,914 


1,710,547] 1,845,977] +135,430 


Well DP-1, drilled in the Ranquil-Cé 
area, 15 km. southwest of well RC-2, 


‘ which, notwithstanding the fact that it drilled in 1939, found only poor oil shows. 
a 

E 

Petroleum in Bahrein Island in 1940* | 


oil—an average of 109,328 bbl. per day. 
This is a decline of 514,635 bbl. from the 
1939 production of 7,588,554 bbl. At the 
end of 1940, there were 70 producing wells. 


During 1940, the Bahrein Island field 
_ produced a total of 7,073,919 bbl. of crude 


- * Information received through the courtesy of 
the Bahrein Petroleum Company, Ltd. ay 20, 


1041. 


Search for Oil in Australia and Australian Territories in 1940 


By ArtHuR WaADE,* MEMBER A.I.M.E. 


THE most important development in con- 
nection with the search for oil in Australia 
during 1940 was on the legislative side. 
Prior to 1939 legislative enactments in the 
various states with regard to prospecting 
for petroleum were such as to prohibit 
large-scale effort and to bar the major oil 
companies from operating. The preparation 
of the Wade Model Bill for the Common- 
wealth Government in 1939 and the accept- 
ance of the Bill in principle by all States, 
has gone far to remove these obstacles. 
Amending Acts, largely based on the Model 
Bill, have now been passed by all States 
with the exception of New South Wales and 
Tasmania. In New South Wales an Amend- 
ing Bill is being drafted, while the Govern- 
ment of Tasmania is preparing to introduce 
an Amending Bill provided there is any 
demand for it. 

Noteworthy developments followed im- 
mediately on the passing of these Amend- 
ing Acts. The Shell Company (1)} and the 
Superior Oil Company of California (2) 
took up large areas in Queensland and com- 
menced work during 1940. Caltex acquired 
a big tract of country in the Kimberley 
district of Western Australia (3) and has 
made application for an area in the Terri- 
tory of Papua. An Australian company, The 
Phoenix Oil Extraction Co., has obtained a 
permit to prospect over an extensive area 
bordering the south coast of Western 
Australia (4). Other developments are 
foreshadowed. 


Manuscript received at the office of the Institute 
Feb. 5, 1941. 
* Chairman, Commonwealth Oil Advisory Com- 
mittee, Canberra, A.C.T., Australia, 
umbers in parentheses indicate the positions 
on the map of Fig. 1. 
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The Shell Company is making an inten- 
sive examination of its area in Queensland 
(1). Geological, geophysical and aerial 
surveys are in progress. Caltex has three 
geological parties in the field in Western 
Australia while Superior Oil Company of 
California has done some geological work in 
the interior of Queensland (2). None of — 
these concerns envisages a drilling campaign 
in the near future. Much exploratory work 
is necessary. i 

Further work has been done by the com- 
panies that were already operating in 1939, 
though an important Australian company 
—Oil Search—has abandoned the work of 
prospecting in Australia. This company has 
subleased its holdings, at North West Cape 
in Western Australia (5), to Caltex on a 
royalty basis. The company also maintains. 
its holdings in, and connection with, the 
Australasian Petroleum Company Proprie 
tary Limited, which is a combination o! 
Standard Oil (New Jersey), Anglo-Irania 
and Oil Search. This company is operating 
in the territories of Papua and New “a 


DRILLING 


Victoria.—Although a good deal of arille 
ing was done in the Lakes Entrance Tertiary 
Basin of Victoria (7), no appreciable pro- 
duction of oil was obtained. In order to test 
the extent and possibilities of the oil-bear- - 
ing sand in this region, the Commonwealth. . 
and State Governments jointly put down — 
six scout boreholes to depths of between 
1200 and 1500 ft. The results were nega- 
tive. A deeper exploratory borehole put 
down by the Governments at Seacombe, on 


} 


ARTHUR WADE 


_ the coast, to a depth of 4oo4 ft., penetrated 

50 ft. of bedrock without finding oil. 

Two bore holes are being drilled to the 

west near the border of Victoria and South 
Australia. Both are testing Tertiary and 
Mesozoic formations. Portland No. 1 is 

down to 2300 ft. but has struck nothing of 
- importance so far (8). 

South Australia.—The second borehole is 

near Mt. Gambier, on the South Australian 
_ side of the border. Mt. Gambier No. 1 is 
_ down 942 ft. Drilling is suspended for lack 
of casing (8). 
_ Western Australia—The Freney Kim- 
_ berley Oil Co., subsidized by both State and 
_ Commonwealth Governments, is drilling at 
_Nerima Ridge in the Kimberley district 
of Western Australia (9). This borehole 
started in the Permian and is down 3300 ft. 
in carbonaceous sandstones. Strong show- 
ings of gas were encountered between 3200 
and 3220 feet. 

Queensland.—The Roma Blocks Oil Co., 
which is drilling near Roma in Central 
- Queensland (ro), and which struck a good 
_ showing of oil just above granite basement 
_ inits No. 1 Bore at a depth of 3510 ft., com- 
~ menced drilling a No. 4 Bore 30 chains to 
the southwest of No. 1 toward the end of 
1940. Drilling will commence in Cretaceous 
sediments and pass into Jurassic at shallow 
depth. 

Territories of Papua and New Guinea.— 
No drilling is being done in the Territory of 
New Guinea though the Australasian 
Petroleum Co. continued its exploratory 
work. 

In Papua the same company has selected 
a site at Kariava, on the Vailala River, fora 
_ deep test (6). Test drilling was carried out 


_by the Commonwealth Government under 
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the direction of Dr. Wade between rors 
and rorg in an area in the Vailala River to 
the south of the location. The company 
expected to commence drilling before the 


Fic. 1.—AREAS IN WHICH SEARCH FOR OIL IS 
ACTIVE IN AUSTRALIA AND NEW GUINEA. 
T. of N. G. indicates Territory of New 

Guinea; P, Papua. Numbers show areas men- 

tioned in text. 


end of 1940, but unexpected mishaps and 
difficulties have delayed the transit of drill- 
ing plant to the selected site. 

The Papuan Apinaipi Petroleum Com- 
pany Limited is drilling at Oiapu near Cape 
Possession (11). The borehole! penetrated 
Upper Tertiary formations to a depth of 
2769 ft., meeting with some showings of oil 
and gas. It was abandoned in November 
1940 and the plant moved to a new site 
farther to the south. 


Petroleum Developments in Canada in 1940 


By G. S. Humr* 
(New York Meeting, February 1941) 


PropuctTion of petroleum and natural 
gas increased in Canada in 1940 over the 
previous year. Alberta produced more than 
97 per cent of the total Canadian produc- 
tion of 8,718,053 bbl. of oil, an increase for 
this province of nearly 12 per cent, whereas 
in Ontario and New Brunswick, where the 
production is relatively small, there was a 


slight decline. In Alberta the main produc- 


ing field is Turner Valley, on the eastern 
edge of the foothills southwest of Calgary, 
and development continued in this field in 
1940 with the completion of 36 wells, all of 
which obtained production. In the Red 
Coulee field, close to the International 
Boundary, near Coutts, no new wells were 
drilled and the seven producing wells 
showed a decline of 900 bbl. below the 
previous year. Also, in the Wainwright 
field of east central Alberta, four wells, 
yielding heavy crude oil, produced 4000 
bbl. less oil than in 1939, owing possibly 
rather to discontinuous operation than to 
actual decline in potential yield. This 
decline was more than offset by production 
from a new field 40 miles northeast of Wain- 
wright, at Borradaile, producing oil of 14° 
to 15° A.P.I. There was a small increase in 
production during 1940 from the Del 
Bonita field, in southern Alberta, where 
the production is from two wells. 

The outstanding development of the year 
was the completion of Standard Oil Prin- 
cess No. 2 well in the Steveville area, on 
the Plains 100 miles east of Calgary. This 
well was completed late in December with 


Manuscript received at the office of the Institute 
Feb. 17, 1941. 

* Bureau of Geology and Topography, Canada 
Department of Mines and Resources, Lines and 
Geology Branch, Ottawa, Ont., Canada. 
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an initial flow! of 520 bbl. of 26.3° A.P.I.. 
oil, and 12,750 M cu. ft. of gas from the: 
upper part of the Mississippian limestone. . 
It has opened up a new field and given ai 
further proof of the potentialities of the: 
Southern Plains. 

The production of petroleum in Canada} 
is shown in Table 1. Since most of the yield i 
comes from Alberta, the production is: 
shown from the various fields in Table 2.. 
The sale value of the petroleum produced | 
in Canada in 1940 exceeded 11.1 million) 
dollars, which is still somewhat less than) 
the value of the natural gas production, . 
shown in Table 3. 


TABLE 1.—Production of Petroleum ini 


Canada+ } 
BARRELS - 
Province 1939 1940 : 
New Brunswick........ 20,101 21.16 
ONbariG’ cic0 Seis tee Wiens 206,196 186,47 
Albertans ccc. 7,595,000 8,493,237 | 
Northwest Territories. . 17,013 17% 
Total iain. sch 2 te oe 7,838,310 8,718,053 


$10,353,351 


* Bureau of Statistics, Ottawa. 


TURNER VALLEY, ALBERTA 


Turner Valley continues to be by far the: 
largest producing field in Canada (details: 
are given in Table 4). The limits of the: 
Turner Valley field are now known. On the; 
east the oil area is bounded by the gas: 
cap, which in turn is cut off on its east side: 
by a major overthrust fault; on the west, it’ 
is defined by edge water at a level of 4100: 


1 Petroleum and Natural Gas Conservation Board,| 
Alberta. 
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TABLE 2.—Production of Petroleum in 
Alberta 
BARRELS 
Location 1939 1940 
Turner Valley: 
Paleozoic limestone: oil 
NES Gs acces ah Seat andia eters 7,180,161 | 8,097,414 
Gas wellsic cco. 70,650 75,002 
Natural gasoline....... 206,787 272,202 
Shallow oil wells 8,431 7,309 
RU betel s or oy ease \ige Siaads 7,556,029 | 8,452,527 
Red Coulee, 7 wells........ 13,022 12,177 
Wainwright, 4 wells........ a I1,624 7,527 
Ota 2 WES aw. casesee ai i 4,017 4,746 
Lloydminster, 2 wells : 348 1,648 
\VASkc2 bi be): Ae ee 202 10,817 
Moose Dome, 1 well........ 2,074 351 
PSI ABONICA:, stiles vise ise 3 2,688 3,444 
Steveville, Anglo-Canadian 
EFAS tay ee Renee ae ee See 687 | New field 
discovered 
in 
December 
Pel and Giemt < txeyah at (ove, kee ate situs be 3,720 
PRG Seu Sc Niaai a thas caterse ce © 7,594,411 | 8,493,237 


@ Petroleum and Natural Gas Conservation Board, 
Alberta. 
TABLE 3.—Production of Natural Gas in 
Canada 
THOUSANDS OF CuBIC FEET 


Province 


1939 1940 


New Brunswick........ 606,249 616,041 


NOMCATIO bavi sce ee oo 11,985,851 12,412,009 
IWMiariitOloa sc mire vie eal baie’ 600 600 
Saskatchewan......... 96,423 99,900 
Alberta.......,...+.-.| 22,703,964 | 22,709,975 
Northwest Territories. . I,000 
INOUE arco edo eed On 35,394,087 35,838,585 
IAS aie ace: oe alae ies eels $12,538,954 | $12,715,200 


to 4500 ft. below sea level, and on the south 
by a southward plunge. At the north end 
the limits are not yet as precisely defined as 
elsewhere but there is a northward plunge 
comparable in some respects to the south- 
ward plunge at the south end. Structural 
conditions, however, are somewhat more 
complicated at the north end than at the 
south end because of faulting within the 
limestone itself. The most northerly well 
drilled 1734 miles north of the south end 
reached the top of the Paleozoic limestone 
at an elevation of 4254 ft. below sea level 
and because of the danger of edge water 
was not drilled through the lower porous 
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zone. The well is an excellent producer. 
The upper porous zone of the limestone 
contains oil to a considerably lower level 
than the lower porous zone. One of the 
phenomenal features of Turner Valley is 
the height of the oil column from about 
2000 to 4250 ft. below sea level; ie., a 
vertical height of 2250 ft. The gas column 
in the productive zone extends from 2000 
ft. below sea level to about 800 ft. above 
sea level, a combined vertical height for 
the gas and oil column of over 5000 ft. As 
now understood, the structure within the 
producing Mississippian limestone of 
Turner Valley is relatively simple, the 
limestone being in a westward-tilted fault 
block, slightly more than 4 miles wide, cut 
off by major faults on both the east and 
west sides. On the east edge, probably 
partly because of folding prior to faulting 
and partly because of drag folding resulting 
from faulting, the limestone is arched 
against the fault. This fold in the limestone 
is expressed on the surface by anticlinal 
conditions in much younger rocks. The 
structure in these younger strata over the 
width of the fault block is complicated by 
thrust faults and folds not present within 
the limestone itself. 


Other Foothill Areas 


Brazeau.—So far no success has attended 
efforts to discover new oil fields, other than 
Turner Valley, in the foothills of Alberta. 
The Home Brazeau well, 120 miles west and 
slightly north of Red Deer, Alberta, was at 
a depth of 6670 ft. at the beginning of 
1940, when a change was made from a 
standard to a rotary rig on account of 
heavy gas flows. At a depth of about 8650 
ft., a fault was encountered and the well 
passed from Fernie (Jurassic) to Blairmore 
(Lower Cretaceous) strata. The well was 
drilled to 8728 ft. and, after testing various 
horizons and finding large gas flows with 
small amounts of naphtha, was abandoned. 

Grease Creek.—At Grease Creek, 45 miles 
northwest of Calgary, drilling was resumed 
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in the summer of 1940 at a depth of 7or1 ft. 


in Lower Blairmore strata after a shutdown 
of several months. Drilling difficulties were 
encountered and the well was abandoned 
without making further progress. The well 
is thus not an adequate test of the Grease 
Creek structure but it is not known whether 
another well is contemplated. 

Waite Valley—In Waite Valley, west of 
the Turner Valley field, National No. 3 
well encountered a fault at 7625 ft. and 
passed from Kootenay (Lower Cretaceous) 
to Belly River (Montana, Upper Creta- 
ceous) strata, a stratigraphic break of over 
4000 ft. The well was abandoned. The fault 
encountered is thought to be the Outwest 
fault, which cuts off the Paleozoic limestone 
on the west side of the Turner Valley fault 
block. On the strike of the formations, 
southeast of the National well, the lime- 
stone has been encountered at depths of 
less than 2500 ft. in the Highwood uplift. 

Sheppard Creek.—South of the Pekisko 
area, the Sheppard Creek well, on the west 
side of township 16, range 2, west of 5th 
meridian, reached the top of the Paleozoic 
limestone at a depth of 5484 ft. but encoun- 
tered water at 5952 ft. The well was con- 
tinued to 5995 ft. and abandoned. 

Pincher Creek.—In the southern foot- 
hills, near Beaver mines, west of Pincher 
Creek the Alliance well encountered a fault 
at 6013 ft in Fernie (Jurassic) shales when 
probably within less than roo ft. of the 
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Paleozoic limestone and passed into either 
the base of the Belly River or the top of the 
Alberta shales (Upper Cretaceous). The 
well was continued to 6723 ft. Tests were 
made of oil shows encountered in the 
Blairmore but these did not prove of com- 
mercial importance and the well was 
abandoned. 

Moose Mountain.—In the Moose Moun- 
tain area, about 40 miles west of Calgary, 
Roxana well, 134 miles south of the west 
end of the Stony Indian Reserve, was 
abandoned at 6502 ft. after striking salt 
water. This well commenced in Lower 
Cretaceous strata and was completed in 
the base of the Devonian. It is probable 


that at least one fault occurred in the | 


Paleozoic, causing considerable repetition 
of strata. To the south and east, where the 
Paleozoic limestone is exposed, McColl 
Frontenac, Moose Mountain No. 1 well, 
commenced drilling in November in the 
Banff (Lower Mississippian) shales. At the 
end of the year the well was drilling in 
Devonian below a depth of 2400 ft. Struc- 
turally this well is nearly 700 ft. higher 
than two wells drilled several years ago 
somewhat farther south in the valley of | 
Canyon Creek. One of these wells, 1680 ft. 
deep, has produced some oil of 47° to 48% 
A.P.I. from what is considered to be a_ 


fracture zone, whereas the other, drilled to _ 


2834 ft., contains some gas with naphtha 
coming from Devonian limestones. The 


TABLE 4.—Oil and Gas Production in Turner Valley, Province of Alberta, Canada’ 


Area Proved 
(Drilled), 
Acres 


Field, County 


Line Number 


1| Turner Valley, Alberta........ 


1 Information from Petroleum and Natural Gas Conservation Board, Alberta, 


Total Oil 
Production, Bbl. 


To End 
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of 1940 | 2 


Abandoned 
Shut Down 


Temporary 
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prospects of Moose Mountain are con- 
sidered to be dependent on the presence 
of adequate reservoir conditions in the 
Devonian and the extent to which the 
Paleozoic without any cover of Mesozoic 
strata may be able to retain the gas and oil 
originally formed in it. 


PrLatins AREAS 


Steveville—The completion of Standard 
of B.C. Princess No. 2 well on sec. 13, 
T. 20, R. 12, west of 4th meridian in the 
Steveville area, about 100 miles east of 
Calgary, has opened up a new oil field. 
Previous development in this area included 
the drilling of several wells, of which two 
belonging to Anglo-Canadian Oil Co. had 
obtained substantial flows of gas with some 
oil and water in one well. Standard Princess 
No. 1 well completed in 1940 reached the 
pre-Cambrian rocks underlying the sedi- 
mentary formations of the Plains at a 
depth of 6147 ft. and drilling was stopped 
at 6155 ft. At a depth of 5258 ft. this well 
blew out with a very large gas flow.* On 
completion to the pre-Cambrian a number 
of porous zones were tested for oil and gas 
and considerable oil with water occurred 
in the upper part of the Devonian between 
#*R. E. Allen, Chairman Petroleum and Natura 


Gas Conservation Board, Alberta, statement Jan. 18» 
IO4I. 
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3960 and 4120 ft. Higher zones yielded no 
production. Encouraged by the results of 
this well, Princess No. 2 well was com- 
menced in September and drilled to a depth 
of 4250 ft. The top of the Mississippian 
occurred at a depth of 3215 ft. and the top 
of the Devonian at about 3615 ft. The 
well was plugged back to 3290 ft. and 
showed a production rate of 380 bbl. in an 
8-hr. test. After being acidized with 
1000 gal., the production rate increased to 
520 bbl. of 26.3° A.P.I. oil and 12,750 M 
cu. ft. of gas. No outcrops occur in the 
immediate vicinity of the well, which is on 
flat Prairie land, and the local structure 
was determined by geophysical methods. 
The regional geology leading to present 
developments was done by J. S. Irwin, 
Calgary. 

Blood Indian Reserve near Lethbridge.— 
At the end of 1940 a well located by 
seismic survey was drilling on the Blood 
Reserve near Lethbridge. It is on the 
northwest continuation of the fold through 
the Del Bonita and Spring Coulee struc- 
tures on the north-plunging Sweet Grass 
arch. Some oil is being produced from two 
wells on the Del Bonita structure and oil 
shows have occurred in the top of the 
Mississippian as well as in Lower Cretace- 
ous beds in the Spring Coulee structure. 


TABLE 4.—(Continued) 


Oil Produc- . 
. Reservoir Pres- 
ton Methods | "sure, Lb. per 


1940 q. In. 


Character 


Number of 
Wells 


60°F., 
Weighted 
Average 


Line Number 
Artificial Lift 


_ 


2 Not uniform in all parts of the field. 


3 120 to 150 ft. thick. 


Deepest Zone 
Producing Formation Tested to 
End of 1940 
z 
elegy o 
Sele 5 
8 & | 33 S 
~~ se} im 
g EE aie 2 | 4 
Se 135 aaj 
5 pa Ne, mol a 
Rundle (Madison) | Mis.| L 7,610) 4704 Mis | 5,8708 


‘Top of Mississippian to “‘Black Lime”’ at base of lower porous zone. 
5 Tilted fault block, folded into anticline on eastern edge. 
6 Faulted at depth of 2140 ft. in Mississippian limestone. 
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Wainwright and Ribstone Areas, East 
Central Alberta—No new wells have been 
drilled in either of these areas but the 
Montreal Alberta well at Wainwright was 
deepened in 1940 to 4647 ft., which is 
2326 ft. into the Paleozoic. The age of the 
beds in the bottom of the well is not known 
but may be older than Devonian. Produc- 
tion so far obtained in the Wainwright and 
Ribstone areas is heavy crude oil from 
sands 150 to 170 ft. below the top of the 
Lower Cretaceous. 

Borradaile Field, Vermilion Area.—In 
1935 the Geological Survey of Canada out- 
lined the Battleview anticline on Battle 
River, northeast of Wainwright. Subse- 
quently this structure was covered by 
a seismic survey and wells have been 
drilled in four local areas over a length of 
16 miles. Two of these wells in two separate 
areas contain large volumes of gas and a 
third contains oil in a Lower Cretaceous 
sand, but has not so far yielded commercial 
volumes because of water troubles. In the 
fourth area, at Borradaile, 6 miles east of 
Vermilion, oil of 14° to 15° A.P.I. has been 
found in several wells drilled to a produc- 
tive sand in the Lower Cretaceous at a 
depth of about 1825 to 1850 ft. One of 
these wells is said to be flowing at 10 to 15 
bbl. a day, whereas the discovery well, 
Battleview No. 2, when pumped has 
yielded at the rate of 30 to 4o bbl. a day. 

Lloydminster —Lloydminster field is on 
the boundary between Alberta and Sas- 
katchewan. Wells on the Saskatchewan 
side are supplying gas for the town of 
Lloydminster and several wells have given 
some oil but have been operated only 
periodically because of various troubles. 
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One well drilled in Alberta on the west side 
of the field in 1940 failed to find any pro- 
duction and has been abandoned. 

Pouce Coupe, Peace River Area, Alberta.— 
After being shut down in the winter the 


Guardian well in the Pouce Coupe area of | 
Alberta was resumed in June 1940 at a 


depth of 5459 ft. This well encountered at 
4774 ft. limestone believed to be of Triassic 
age containing some oil shows. At the end 
of 1940, the well was at a depth of 6640 
ft. This is the first well in western Canada 


from which Triassic has been reported, 


although beds of this age at least 3000 ft. — 


thick are known from the foothills on Peace 
River 100 to 125 miles to the west. 

Ontario—Drilling in Ontario has been 
mostly for natural gas in the southwestern 
peninsula between lakes Huron, Erie and 
Ontario. No new fields were found in 1940 
but considerable drilling was done in the 
Malahide field, Elgin County, and in Kent 
and Haldimand Counties. No new oil 
discoveries were made. 

Gaspé, Quebec—In Gaspé peninsula a 
well started by Imperial Oil Co. in 1939 was 
completed at a depth of 5995 ft. without 
discovering oil or gas in commercial vol- 
umes. Seepages of oil from the Devonian 
rocks have long been known in Gaspé and 
the well started in rocks of this age and 
may have drilled into Silurian beds under 
the Devonian but the age is uncertain. The 
structure in this part of Gaspé is a con- 
tinuation of the Appalachian system of 
folding, and in the area where the well was 
drilled there are many anticlines, some of 
which were inadequately tested by wells 
drilled about 50 years ago and from a few 
of which small volumes of oil were obtained. 
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Petroleum Development in Colombia during 1940 


By O. C. WHEELER,* Mrmper A.I.M.E. 


(New York Meeting, February 1941) 


PRODUCTION in Colombia attained a new 
high during 1940 when it reached a total 
of 25,607,976 bbl. Of this amount, the 
Tropical Oil Co. produced 21,426,492 bbl., 
including 268,586 bbl. of petroleum con- 
densate, and the Colombian Petroleum Co. 
produced 4,181,484 bbl. from its Barco 
property. 

The wildcatting program of different 
companies in the Magdalena Valley that 
was initiated during the previous year was 
continued but with results that were de- 
cidedly disappointing. Ten wells were 
drilled in the Magdalena Valley between 

Manuscript received at the office of the Institute 
Feb. 26, 1941. 


* Chief Geologist, International Petroleum Co. 
Ltd., Toronto, Ont., Canada. 


the approximate latitudes of Puerto 
Wilches and Puerto Berrio and nine of 
these were dry; the tenth was a small 
producer of no commercial importance. The 
prospects of finding new fields in the 
Magdalena Valley thus received a serious 
setback, since some of the tests drilled were 
on well developed surface structures. The 
prospects of the Valley, however, have by 
no means been exhausted and drilling 
operations are being continued on other 
prospects. One additional wildcat was 
drilled outside the Magdalena Valley on 
the Colombian Petroleum Company’s 
Barco Concession, which brought to 11 the 
total number of wildcats drilled in Colom- 
bia during the year. This well, known as 


TABLE 1.—Oiul and Gas Production in Colombia 


poe Gas 
Total Oil Production roduc | Number of Oil and/or 
’ | tion, Mil- 
Bbl. ponte Gas Wells 
Ft 
Hess A a 
1) . n 
Field, Department hari rit he ; 
ery =) 
8 To End of During 1940 ES 8s B05 
nf 1940 s x Eee 
g 3/2 (e4| 3/8) [ss 
pa Bie letia!| 31s. 88 
a1 leg a | see es 
| ° zB Sg] 56 a ES Eye) 
4 a 1) Oo | = a4 
Mi PUMTANEAS, SATLOMLEEH sod .clep dhe co cvciels vis els vie alee 1918 | 127,044,093 | 4,033,090 470} O} 0 0 
( 
2| La Cira, Santander......0.0....0seeceneceees 1926 | 144,459,631 | 17,393,402 Gu 7.0K Oe] Pe 
3] Las Monas, Santander..................+.-.-+| 1926 
4 Betrolos (North Dome), Santander del Norte... .| 1938 5,879,332 | 4,151,124 | 1,860} 1,520) 99) 29] 0 3 
5| Petrolea (South Dome), Santander del Norte... .| 1937 5,549 895 ee Wei a) 0 
6| Rio de Oro, Santander del Norte.............-. 1937 KG) = aPC) 0 
7| Carbonera, Santander del Norte...............- 1939 36,402 28,463 Ble 22) as O 0 
DELON ONbE ices ores asthe y ci 1940 1,002 1,002 1 1 0 0 
5 a i la inet SOE oni ETE OesD OBOE) 277,426,009 | 25,607,976 1,259} 108 0 
~~ 


¢ Footnotes to column heads and explanation of symbols are given on page 256. 


1 Number of repressuring key wells. 
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Tres Bocas No. 1, was drilled to 5400 ft. 
and plugged back to 3960 ft., where it was 
reported to have made a small producer. 

Exploratory work seemed to taper off 
during the year, as a combined result 
perhaps of world conditions, completion 
of programs and the adverse results ob- 
tained in wildcatting. Some additional 
concessions were taken up and others 
dropped, as shown in Table 3. 


OPERATING COMPANIES 


Socony Vacuum Oil Co. 


The Socony Vacuum Oil Co. of Colombia 
completed three wildcats in its Restrepo 
Concession. Narino No. 3 was spudded 
in the Turin formation of Pliocene age, 1 
km. west of Narino No. 1, and was aban- 
doned late in June in the Giron formation 
(Jurassic or older) at a depth of 10,740 ft. 
Peralonso No. 1, located 13 km. northeast 
of Narino No. 1, was abandoned in June at 
a depth of 9274 ft. in the lower Chuspas 
of Oligocene age. The surface formation is 
the Magdalena of Pleistocene age. On the 
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Las Monas structure, Las Monas No. 2 
was suspended at a total depth of 6984 ft. in 
steeply dipping beds of the La Paz forma- 
tion of upper Eocene age. The Las Monas 
structure produced a small amount of oil, 
which was used as fuel. 


Colombian Petroleum Co. 


Drilling and general development opera- 
tions were conducted by the Colombian 
Petroleum Co. on its Barco concession, on 
the frontier of Venezuela southwest of Lake 
Maracaibo. The property was on a steady 


producing basis and over the 12-month 


period the average daily production was 
11,456 bbl. 

Petrolea North Dome Structure-—The 
Petrolea structure is a faulted asymmetrical 
anticline with the steep flank on the west. 
The first well drilled on the North Dome 
structure was Petrolea No. 1, drilled by the 
Colombian Petroleum Co. in 1933. As of 
Jan. 1, 1941, 99 wells had been drilled. 

Petrolea South Dome.—The Petrolea 
South Dome, which is a continuation of the 
Petrolea anticline and separated by a 
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Character of Oil 

Gravity 

A.P.L. at 
g Weighted 

eighte - 
3 Average 5 g 5 
4 i Z 
aE | 3 S 
a na py 
1 
2 25.1 8 [15-22 
S |15-25 
3 p: 8 
4 |39.1-47.1 La Luna; Ostrea Bed; 
Zones 1, 2, 8, 4; Uri- 

5 37.7 
6 39.7 
7 21.5 
8 30.6 
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Producing Formation 


Deepest Zone Tested 
to End of 1940 


Depth, Avg. Ft. 


i wh Name : .- 
Top Bottoms | 3A 5 om 
Prod. Zone | Prod. Wells | & wy as 
Tan 5g 
zi |a a 
400-2,200 | 1,000-2,600 |50-200] AF | Cretaceous 4,048 
400-3,950 600-4,294 |50-175| AF | Cretaceous 8,051 
AF | Cretaceous 
130-1,180 Basal Zone IV and 
top of Uribante 
1,350 Cretaceous L 
1,100-1,400 Catatumbo 6,717 
800-1,720 Barco 2,722 
3,900 Barco 5, 
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saddle from the North Dome, saw no 
activity during 1940. Seven wells have been 
drilled on this structure, only one of which 
was completed as a producer, and this well 
still continues to produce oil. 

Carbonera.—On the Carbonera fault 
structure two wells were completed in 
1940, giving a total of three wells on this 
structure, all of which are producing from 
the Tertiary. The gravity of the oil is 
approximately 22.0° A.P.I. 

Tres Bocas.—Tres Bocas No. 1, a wild- 
cat, was completed on the Tres Bocas 
structure during 1940. This well was drilled 
to a total depth of 5400 ft. and was plugged 
back and completed as a small producer in 
the Barco sandstone at a depth of 30960 ft. 
The gravity of the oil is 30.6° A.P.I. 
Additional drilling is planned on this 
structure. 

Socuavo.—One wildcat was drilling at a 
depth of 4838 ft. at the end of the year. 

Rio de Oro.—One well was completed 
at Rio de Oro in the Catatumbo formation 
and one deepened to the Rio de Oro during 
1940. The structure is a narrow, tight 
anticline considerably faulted. As of Jan. 1, 
1940, 13 wells had been drilled. 

Refinery.—A refinery of 500 bbl. daily 
capacity is in operation at Petrolea. The 
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products are being consumed on the Con- 
cession and distributed locally. 

Pipe Line—The South American Gulf 
Oil Co. pipe line extends from Petrolea to 
the Covenas terminal, a distance of 263 
miles. The line is constructed of 12-in. 
welded steel pipe with a present capacity of 
approximately 25,000 bbl. per day. The 
highest point traversed by the line is 5286 
ft. There are pumping stations at Petrolea, 
Tarra, and Convencion, and a relief station 
at El Carmen. The present storage capacity 
for the pipe line is 1,234,578 bbl.; 331,578 
bbl. at Petrolea and 903,000 bbl. at 
Covenas. 


Cia. de Petroleo Shell de Colombia 


The Cia. de Petrolea Shell de Colombia 
carried on drilling operations on two 
national concessions: 

1. On its concession north of Rio 
Ermitano, acquired from Bernardo Mora, 
two exploratory wells were completed. 
Monte Oscuro No. 1 was started in the 
Armas formation of the Oligocene. A thrust 
fault was penetrated at 2986 ft. and the 
well was completed as a dry hole at a total 
depth of 9103 ft. in underthrust La Cira 
formation of the Oligocene. Monte Oscuro 
No. 2 also started in the Armas formation, 


TABLE 2.—Summary of Drilling Operations in Colombia 


Important Wildcats Drilled in 1940 


Location 
Total ; 
Department Depth, Surface Formation 
Ft. 
Survey Lat. Long. 
Misantander: aise ome petri a Infantas E 5 DeMares Concession 6,805 | Colorado (Oligocene) 
2 Sontandler Meet, Meno eect, Se Ve sas La Puerta No. 1 DeMares Concession 7,570 | Real (Miocene) 
a) ROARtANG er as Cok Shin dalests « Sede sours San Fernando 2 | Sociedad Nacional del Carare 9,272 | Real (Miocene) 
Concession : 
Mil Sata tein ety 2c apainnascsnyslb -ocauch'n nica sees Monte Oscuro 1 | Sociedad Nacional del Carare 6,550 | Colorado (Oligocene) 
Concession ! 
Bil Santander: oidhe ore see be cee Bests 3 Baul No. 1 6°14/19.77 N. Le a = ’W. | 7,447] Mesa (Pliocene) 
ogota 
VASES ce) F SE Oe ee ee eee a Monte Oscuro 1 | 6°9’44.4’”N. orga = W. 9,103 } Armas (Oligocene) 
ota 
TANRSSDCAHGEE Reet we) cere ins ecto Sete, < Monte Oscuro 2 | 6°11/9.1/”N. oral A “W. | 3,016} Armas (Oligocene) 
of Bogota 
Pander ema eae ks Sones Las Monas No, 2 Restrepo Concession 6,984 | Oligocene 
; ee Linde ir ixcbanees: ‘| Narino No. 3 Restrepo Concession 10,740 | Turin (Pliocene) 
TOW antander ees ee cc Lee oce ce Peralonso No. 1 Restrepo Concession 9,274 | Magdalena (Pleistocene) 
11 | Santander del Norte................ Tres Bocas 1 Barco Concession 5,400 
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and was completed as a dry hole at a total 
depth of 3016 ft. in underthrust Real forma- 
tion of the Miocene, after passing through a 
thrust fault at 2454 feet. 

2. On its concession west of the Rio 
Carare, drilling activities were initiated and 
the well known as Puerto Parra No. 1 was 
near completion at the end of the year. This 
well was started in the Mesa formation of 
the Pliocene and latest reports indicate 
that it will be abandoned as a dry hole at a 
total depth of 10,929 ft. in the Oligocene. 
The coordinates of this test are latitude 
6°30’09.1'" N.; longitude 0°00'17.0/’ W. 
of Bogota. 


Cia. Colombiana de Petroleos El Condor 


Drilling on this company’s concession 
southeast of Puerto Berrio was continued 
on the well known as Baul No. 1. The test 
started at the surface in the Mesa formation 
of the Pliocene and was abandoned as a 
dry hole at a depth of 7447 ft., in igneous 


TABLE 2.—(Continued) 
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basement. Because of disappointing results 
of drilling, this concession, acquired from 
the Consorcio Minero Nacional, was sur- 
rendered and returned to the Government 
at the end of the year. 


Sociedad National del Carare 


The Sociedad National del Carare com- 
pleted the testing of its San Fernando well 
No. 2 drilled during the preceding year, and 
abandoned it during the month of January 
at a depth of 9272 ft. The well was drilled 


at the crest of a well defined anticlinal — 
closed fold and the absence of production — 
was highly disappointing. The same com-— 
pany drilled and completed its Monte — 


Oscuro No. 1 to a depth of 6550 ft., where it 
was abandoned in the basal sands of the 
Tertiary. This well was likewise drilled on a 
strongly developed structure and is con- 
sidered to have eliminated the prospects of 


finding commercial production on that — 


uplift. The company surrendered its con- 


Important Wildcats Drilled in 1940 


Tnitial 
Produc- 
tion per 
Deepest 
Horan Drilled by Day Remarks 
Tested 
Oil, 
U.S. Bbl. 
1 | La Paz (Eocene) Tropical Oil Co. 0 Dry 
2 | Umir (Cretaceous) Tropical Oil Co. 0 Dry 
3 | La Paz (Eocene) Sociedad Nacional del Carare ? Small producer (abandoned) 
4 | La Paz (Eocene) Sociedad Nacional del Carare 0 Dry 
5 | (Finished in igneous basement) | Cia. Colombiana de Petroleos el Condor 0 Dry 
6 | La Paz (Eocene)? Cia. de Petroleo Shell de Colombia 0 Dry 
7 | La Paz (Eocene)? Cia. de Petroleo Shell de Colombia 0 Dry 
8 | Chuspas (Oligocene) Socony-Vacuum Oil Co. of Colombia 0 Dry 
9 | Giron (Jurassic or older) Socony-Vacuum Oil Co. of Colombia 0 Dry 
10 | Chuspas (Oligocene) Socony-Vacuum Oil Co. of Colombia 0 Dry 
11 | Barco (Eocene) Colombian Petroleum Co. 2 Plugged back to 3960 ft. small producer 


In Proven Fields 
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TABLE 3.—Status of Applications 
ain ber i i MM Ah aac — o> | ss ate Area 
on Fig, 1 Company District Accepted | Hectares 
APPLICATIONS ACCEPTED IN 1940 BUT CONCESSIONS Not YET GRANTED 
I Plexasumenroleum Carne nde stein ott oak cle oe ke rds Rio Negro Apr. 12 19,920 
2 PAI OL SAMI EL a1 sper Pere ys acy elelay alk ausdceg ewes eGo ksucl Maly ous Pivijay Apr. 12 43,500 
3 JENNY ey3 hibit KEW A heae, echey PERT carats ih PRO OL NCTE Rk aR aon ac Rio Lebrija May 16 49,770 
4 Cia. de Petroleos La Perla de Colombia, S. A............ Rio Ariari June 18 99,523 
is Gonzales’ Mejiararcat ertcccmoiae ota een tte tee Rio Upia Nov. 13 04.973 
6 ENTCTATIOL OSERED Optra rere G.v Pras ui cierot ge rea ematel uoess a Sukicualelsuehual: Rio Sogamoso Dec. 13 19,718 
7 Cia. Colombiana de Petroleo Occidental, S. A........... Rio Ariari Dec. 13 49,450 
APPLICATIONS ACCEPTED BEFORE 1940 BUT CONCESSIONS Not YET GRANTED 
8 IP iAHCISCO MR OCHANV AERASH \ptity. am cities bine Goss sie ees OF Rio Carare Jan. 16/39 3,383 
9 Mito ace nel ie Za LOS Ss tines arcicy sh opt i toss ohah Malta -ayapeys ahi iece nit Rio Minero Mar. 16/38] 42,336 
ro CAMOSCATEUTOMMOTTES PINZON... secre at eels clk neascsesevie ot Rio Sogamoso May 9/39 12,609 
II Sindicato de Inversiones, S. A... Rio Lebrija June 4/37 45,905 
12 Heedericic Rest yatta. nein aeaahheaehe ties ates & als oe ale Rio Sogamoso June 22/38 | 19,328 
13 PeAnCISComuASceEnabr... ane «ft Horst tise ath athe Gs oD ebatinaeeeles Rio Minero July 7/39 18,354 
I4 PAETIADAG PD LANCO «ensiersinst siiete ty, v0.5, STINE 4 ei, ahs Wis pete aln oi Rio Lebrija July 25/39 | 45,634 
15 WoistAiberto Villamizar’. 50 fen. «sc mets 6+ ares ete wlehcneeeeers Rio Simiti Aug. 8/39 22,095 
16 Elita NCUISOM eee kra ach ot ett somata fo F ae tan teiehan ids ¢ Puerto Berrio Aug. 17/39 | 45,006 
17 Cia. Anglo-Colombiana de, Petroleos eek sjc.ccltv e meenie vel Rio Ariguani Aug. 21/39 | 47,784 
18 Cia. de Petroleo La Perla de Colombia .............0000: Rio Ariguani Aug. 22/39 | 49,085 
19 Eleniamaowalacatee as ee. ease me cle et Pas nics Sake ple Rea Puerto Wilches | Sept. 21/39 9,304 
20 NEL COMISONA ay sitet <aheie Wivauc¥st ini nie¥e pee’ lia: 6° ayensisrerehageh + ener ence Rio Sinu Oct. 5/38 44,954 
21 AiapOnIOUBOrda, CarriZOGais ide dil swe Aro cay Kak sie ledere ene » Rio Metica Nov. 15/39] 99,038 
cHe Cia. Anglo-Colombiana de Petroleos ..............0.0.- Rio Ariari Nov. 22/39] 99,319 
23 ‘Antonio Jose Gastro WB orrera.). si) adats ey.agere ewido ae olen olos Rio Patia Noy. 25/39] 16,540 
24 eras UPetrOleunl CO pats «cite a nm © Sasa teualhs Aap ed Pe Fate © Rio Upia Dec. 1/38 | 100,000 
25 MPM CILASTV ES" ect h orn. Seefeee e ois, Aetade, sib e one ayescceidte eielens Buenavista Dec. 5/38 49,199 
26 Carlos de Narvaez La Dorada Dec. 5/38 36,015 
27 Cia. de Petroleo La Estrella de Colombia Rio Ariguani Dec. 6/39 48,568 
28 Ciae Petroleraoe) Bogota WA « anou s ators ee els tee cae Rio Cesar Dec. 7/39 47,853 
20 IVeie Bri EGOS. Mere stake suAeaicaptemetesats 1m tel SuolGehe:f.'6: aed eye Nonchy 3 Rio Ite Dec. 13/39 | 49,580 
30 GrOvanminsServientl.s,. terse = eee oie eustatohe werayoear so Reanovt elene Rio Nare Dec. 13/39 | 49,431 
APPLICATIONS ACCEPTED AND LATER SURRENDERED 
Date 
: : Surrendered 
31 Miarittel el Or Ose cteastnctein ceeanh: hiete a natew leteget. eee ciel & ety. ota. Rio La Miel Dec. 16/40 5,001 
CONTRACTS TERMINATED AND AREAS RETURNED TO THE NATION IN 1940 
32 Luciano Restrepo (transferred to Socony-Vacuum Oil Co. : 
of Colombia, Neb. 22; 5036). cerns on- weuacget cr Ar: Rio Sogamoso Nov. 13/40] 49,232 
33 Consorcio Minero Nacional (transferred to Cia. Colombiana : ; 
de Petroleos El Condor, Mar. 3, 1938) . Rio Ermitano | Nov. 22/40] 44,258 
34 Sociedad Nacional del Carare (under joint ‘exploration with : 
4 Brigey of (or MOU CLOW) iat aiseyoe ie aacic one. Ons Gobo. ara Rio Carare Dec. 2/40 34,783 
ConTRACTS EFFECTIVE AS OF DEC, 31, 1940 
Date 
. ' Awarded 
35 Cia. de Petroleo Shell de Colombia...............+-005- Rio Carare Mar. 2/38 | 40,906 
36 iat ide: Petroleos: del (Carare «i iisia ecole tussevere.iehere hs cide state Rio Lebrija Mar. 15/38] 409,636 
37 Salvador Camacho, Roldor. coc .ucasecs soils oo os acti ie Rio Simiti May 20/40] 40,468 
38 Juan de Dios Gutierrez (transferred to Tropical Oil Co., Arey 
IDES ails ACOPLONe, cii Sak REP an OME ETUC Cr rei era ran aac Rio Cimitarra May 23/39 | 16,927 
39 Daniel A. Del Rio (transferred to Cia. Petrolera de Bogota, ; 
Asie hy ROC) btn cd oC Enea DEI DOUIn ba orcore anne ocoae Barranquilla May 25/38] 20,141 
40 Richmond, Petroleum Co...........0000¢ Fernie 0 ake cee Rio Guayabero | June 26/40 | 100,000 
Al Gia. de Petroleo Shell de Colombia. . 605... 0000 see oas Rio Ariari Aug. 10/39] 99,975 
42 Socony-Vacuum Oil Co. of Colombia. .........++++-++5- Rio Sogamoso | Aug. 30/39] 27,040 
43 Cia. Colombiana de Petroleos El Condor................ Rio Cimitarra | Sept. 15/38] 47,810 
44 Bernardo Mora (transferred to Cia. de ppelnales Shell de ‘ ; 
Colonies Oletbs 2780S 7) xectvaitye ors letyevier eyo 0) 5 loasuaue arenes a Fale Rio Ermitano Sept. 28/37 | 50,000 
AS Wm. A. MacC arthy (transferred to Cia. de Petroleos de ; 4 
GararenWla yatO, LOA) tne. scinirs os cone tele sis wise eco e ei Rio Paturia Nov. 24/39] 20,520 
46 Rene Granger (transferred to Richmond Petroleum Co. of | __ 
Golombiar Decy G2) LOAD) ec niete tts on plelsieiees aie sosn flv. Rio Cesar. Nov. 28/40] 18,514 
47 CarkssuBot bape h adnan rut tva tarp ee + Lido. - ae oul 01-0 Puerto Wilches | Dec. 13/39 | 39,537 
48 Evaristo Obregon Arjona (transferred to Cia. de Petroleos z 7 
Ha Penlarde: Colombiana. 109) TOAO) ciety. an ties ale oleh Rio Ermitano Dec. 15/39 | 36,757 
49 Cia. de Petroleos del Valle del re caaloas for an enentioe Rio Cimitarra | Dec. 16/39] 32,880 
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cession and was dissolved at the end of the 
year. 


Tropical Oil Company Ltd. 


The Tropical drilled 77 wells on its De 
Mares Concession during the year, of which 


200 MILES 


300 KMS 


QS over 6000 above sea leve! 
Oil Producing Properties 
seers Andian Pipeline -DeMares Prop to Cartagena 
eooce Barco Pipeline -Barco Prop. to Covenas 
1401 - Applications accepted in |940-Concessians not yet granted 
84030 ” before /S40 ) ix ” 
31 Application accepted and Surrended in I940 
32-34 Contracts terminated and Areas returned to Nation in 1340 
35-49 Contracts accepted as of Dec. 3/, 1940 


Buenaventura 


Tumaco 
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Infantas field. Both these wells were com- 
plete failures. Of the 75 La Cira comple- 
tions, three were dry holes. The initial 
production of the 72 producers averaged - 
378 bbl. per day. The production from 
Infantas and La Cira fields totaled 4,033,- 


Santa Marta 
Barranquilla 


R Guavrare 


Fic. 1.—PETROLEUM AND GAS FIELDS, COLOMBIA. 


75 were in La Cira field and 2 were wild- 
cats. The wildcats were known as La 
Puerta No. 1, which is about 9 km. east of 
Barranca Bermeja, and E-5, which is about 
the same distance east of the center of the 


ogo bbl. and 17,393,402 bbl., respectively, — 
in which figures are included 143,076 — 
bbl. of petroleum condensate added to 
crude from Infantas and 125,510 bbl. from | 
La Cira. 
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Petroleum Developments in Ecuador during 1940 


By Crcit Hacen,* Memper A.I.M.E. 


ALL of the production for Ecuador dur- 
ing 1940 came from the Santa Elena 
Peninsula, Province of Guayas; the major 
portion coming from the Ancon field, which 
is controlled mostly by Anglo-Ecuadorian 
Oilfields, Ltd. A small amount was pro- 
duced from the shallow pumpers and pozos, 
or oil pits, at Cautivo-Achallan, Carolina, 
Santa Paula, Concepcion, El Tambo and 
Mina Tigre. 


Manuscript received at the office of the Institute 
April 25, 1941. : 
* Consulting Geologist, Houston, Texas. 


Considerable exploration was carried on 
in the country during 1940 and numerous 
concessions were in force, as shown by the 
accompanying map. Anglo-Saxon con- 
tinued its exploratory work in the Oriente 
by surface geological methods and some 
geophysical surveys. It is understood that 
this concern did considerable airplane 
mapping. International Petroleum, on its 
large concessions between the Andes and 
Pacific Coast, did considerable surface work 
as well as some geophysical. No exploratory 
test wells were drilled by either of these 


TABLE 1.—Oil and Gas Production in Ecuador 


he Total Gas 
P an Total Oil Production, | Production, Number of Oil and/or 
Wee Bbl. Millions Gas Wells 
as Cu. Ft. 
Field, Santa Elena County, Dating End of 1940 
Province of Guayas es 
4 To End of | Duri ssl\u |e leé 
g . o End o uring ot = ® |'s oo | Oo 
5 108) Gra i040 190 |g |e |S5/ S| 8 |B08 |S 
< ; Ag ES lEs| B| e |Be/2/8% 
I & oS 15S og] © | & [sR SS 85 
4 <j a 1A OM] O } [Ria la 
SQ OMM EES oe emcees 20 0 y | 1,465,337 | 20,202 y| 196} 8 Ly ay te 0 
Ancon {ort See ie ae a il 0 303,460 y| —_y| 380] 19 y | Qazi 0 
20 | 1,2000) 0 grate st ta 20, 22x) 2,117 ae a a y | dea : 
2| Cautivo-Achallan.............+.++5- 18 | 2,2r2| 0 566,385 ,69 DEL a|'18 0| 82 
3 Carcling and Santa Paula. Xs 2,000} 0 613,785 79,256 2x TOs!) 9 1 48ieT OLS 21 0 
AN Concepcion: o..0i 42 e45 e es 2 <s 10 y| 0 136,598 52,836 fate Gin 15) a3 1} O| 14) 0 
PU EN ed ATTAIN sevetay tae axelenave¥ere sree ain)= <)> a\s 9 z| 0 8,816 956 0 0 6} 0 2) 0 4; 0 
Ot MEI OTE? Ania aWcriie nie ecavstocsei ee ait avetee 3 200} 0 466,525 | 400,903 xt a) 12) 6 Oo] y y| 0 
"| _TARSTI S cea ea aia  Sae 24,264,095 | 2,374,439 | 20,07rz| 2,arz| 8541 54 | 1461 y | Sarl 0 
Oil Pro- : 
. Reservoir 
duction 7 : : Deepest Zone Tested 
Methods, | "Tp per’ Ton Eeoteome Hotmabon to End of 1940 
End o Sq. In. 
1940 Daub 
~ ep’ 
ao Ss Avg. Ft. a 
Be rie a | & 
SB PLS s = aig 5 
< N Age? | & rons Name Pee 
S|. | Ba (al op | Mom [Ae | Ele |e | oe [ze] 8 | si 
Ze ve | a Se ee ol) aS £/¢|%2| 83 /ea| 8 gs 
2] 2 |ee| 2 | s2 [EE2) Bs | E\'sa| 22 se] 2 BS 
Al te a | 22 (Se) ge Sia le | a" ja! a a 
= 1,050} 40 | 0.012 | Atlanta Koc S | Fis | 3,000} 6,000] 2,500) AF | San Jose sandstone | 8,053 
: Ht oa ; 0} 36 | 0.012 | Socorro Hoc § | Por} 1,200] 1,800} 600) y 
37 | Aaa ; 
100} 29 Socorro(?)| Eoc(?) | 8 | Fis 750| 1,000) 250) y | Socorro(?) 1,295 
3 3 9 148 90} 28 i Socorro(?)| Eoc(?) | S | Fis 632] 836] 200) y | Socorro(?) 1,506 
4] 5] 9 y y| 388 | y Atlanta Koc 8 | Fis y| 4,000 y| y | Atlanta 4,500 
el at) y yl) y ly Socorro Eoc(?) y y y| y | Socorro 1,300 
6{ 10 2 1,000} 1,000} 39 0.02 | Atlanta Eoc S | Fis | 2,900] 4,300} 400) y |pbente 4,319 
7| 56) 52x 


‘umn d explanation of symbols are given on page 256. - 
Ot toe the deat to Manead West lereda oil. L.C.T. means the shallow zone for Low Cold Test crude oil. They 


occur in the same area. 
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companies; however, the latter is planning smaller concessions in the vicinity of 
a deep test soon. Esmeraldas. Several Japanese geologists 
Some surface work was carried on in the _ were reported doing geological work north- 


Province of Esmeraldas on some of the west of this town. 


CONCESSIONS HELD IN ECUADOR |-/-4/ 


LEGEND 
/ VARIAS COMPAN/AS 166,826 HECTARES 
2 CARLOS ROCA C. 5,000 HECTARES 
3 SRS. JOSE PONS MILLAS, CNEL JULIO JAUREGUI ¥. J.A.GUIRARROC. 20,000 HECTARES 
4 ECUAPETROL 520,000 HECTARES 
5 CNEL. ROBERT L. MORRIS 50,000 HECTARES 
6 SRTA. ADELAIOA WALLIS BOYER 50,000 .HECTARES 


a7, COMPANIA MINERO PETROLERA DEL PACIFICO S.A. 
8 SEGUNDO A.CAL/STO 


100,000 HECTARES 
100,000 HECTARES 


ss A 
.9 COMPANIA MINERO PETROLERO DEL PACIFICO S.A. 900000 HECTARES APP. B 
10 INTERNATIONAL PETROLEUM CO. 1700000 HECTARES App'x. 4 
1! ANGLO SAXON EXPLORATION CO. 10000000 HECTARES " 

E 


SCALE IN KILOMETERS 


4 


OIL FIELDS 
ANCON FIELD 
ZORRITOS FIELD 
LOBITOS FIELD 
LA BREA FIELD 
PAVINAS FIELD 


Fic, 1.—CONCESSIONS HELD IN ECUADOR JAN. I, I94I. 
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Petroleum Development in Mexico during 1940 


By J. W. Rtstor1,* Associate Mremper A.I.M.E. 


Durine the year 1940, production of 
crude oil in Mexico totaled 43,914,000 bbl., 
or 2,776,000 less than in 1937, the year 
before expropriation. The 1940 output was 
1,200,000 higher than in the previous year. 
In 1937, Poza Rica production accounted 


was the approximate amount shipped to 
Sinclair during 1940 under the terms of 
the settlement. Over-all exports increased 
by 1,500,000 bbl. over the preceding year. 

The outstanding development regarding 
the destination of Mexican exports in 1940 


TABLE 1.—Production of Crude Oil in Mexico 
THOUSANDS OF BARRELS 


ats. Total to 
District 19037 1938 1939 1940 End of 
1940 

Panuco (11° to 14° A. Ged Aa ke eee an bas Fo ae 9,806 5,344 5-516 6,188 752,209 
Pemnmerna(eGo tocar eA. Dobie acai. cee. nutnan Gauci aed 8,292 4,230 4,625 3,769] 1,027,743 
Poza Rica (33° to 3 STAPLED te ere ai vt tn! eee ache 18,634 22,021 26,322 28,358 124,438 
PRenia ate pecn(3 2.52 A. IP. T.) jacicbale gets cites oniscre Gioia v ste Oe 9,958 6,684) 6,316 5,599 Ditgt 7, 
46,690} 38,279] 42,779} 43,914] 2,015,707 

RD nog anvier cl One etey. Myicea sh teint cinnin clove. ches cto IS lcudes eesere 127,919] 104,875] 117,203] 119,982 


for 40 per cent of the total, while in 1940 
this percentage had increased to 65. 


TABLE 2.—Exports of Crude Oil and Tis 
Products (Including Ship’s Bunkers) 
‘THOUSANDS OF BARRELS 


Crude and Products | 1937 | 1938 | 1939 | 1940 
Panuco crude (11° to 
PAS AG) eine TS SOT Le SOS 4.22u2 2, Ady 
South Fields crude 
(20° to. 24° “A SPeT,) 395 I49| 1,044] 1,124 
Poza Rica crude (33° 
to 34° A.P.T.)). 5 874] 3,025] 7,071| 11,074 
Crude gasoline...... 4,388] 2,775] 1,488 454 
MEPIS GON eet ons 15 ee loocsys 3,234| 3,100] 1,783] 2,854 
BPDUTEL (OIL. ciaievee «syer'eve ee 5,663|. 2,473) 2,922) 1,872 
Asphalt.... 3,049] 1,000 481 509 
Kerosene 688 241 42 260 
iaabricants...... aeiers 400 88 2 I 
PROG all scscetvis. vis arelietccn 24,578] 14,363] 19,060] 20,574 


Declines in exports of Panuco crude, fuel 
oil and gasoline were recorded but these 
were more than offset by increased exports 
of 4,000,000 bbl. of Poza Rica crude, which 


Manuscript received at the office of the Institute 


May I, 1941. 
* Cities hehe Co., New York, N. Y.~ 
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was the increase of 10,000,000 bbl. in the 
exports to the United States. Exports to 
Germany ceased toward the end of 1939 
and to Italy in the second half of 1940. 

During the year 1940 the Sinclair in- 
terests and the Mexican Government 
settled their expropriation question. By 
the terms of the settlement Sinclair is to be 
compensated by cash payments and oil- 
purchase contracts. 

On Dec. 1, 1940, Avila Camacho was 
inaugurated President of Mexico for a 
term of six years. Among his first acts 
following his election were: 

1. A proposal to change the Constitution 
to restore Supreme Court Judges’ terms 
to life tenure. This has been ratified by both 
chambers of the Mexican Congress and is 
now before the legislatures of the States of 
Mexico for ratification. 

2. The taking away of the administra- 
tion of the railroads from labor and restora- 
tion to the State. 
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TABLE 3.—Exports of Petroleum by Destination 


19,060] 100. 


1937 
Destination 
Ex- Per 

ports Cent 
Australia .....uhs< Save eon eee 705 2.9 
elgiqum sc ciaa co te tee ener 610 acs 
Brazil «igre. $y ir. hexy a itelele a Mee eae ee 419 Tay 
Chile: eo hae ek oe ee 213 0.9 
Cubase net Aes otmodtsn eee ice 485 2.0 
Netherlands West Indies.............. 4,200] 17.5 
England itt. tia. seo detente sonia 5,411] 22.0 
Prance. sis cee ee 156 0.6 
Germany etter hoe ot pee 2,521|" 10.3 
Guatemala’, .2<4. chia Ree 131 0.5 
Ptaly Pitts tote cee Ca eee 186 0.8 

TRAD Atak Settee sit Roca eee ee 
SCARGINAVId Se hies cs ctemene cits eee 352 1.4 
pelegeg date ie (ol: eee eee tote oe Ane eee eee 162 0.7 
United States s...22 1. .co8 ketenes 6,856| 27.8 
PUSTAV OE eh Siste core ee ere ee erentererOr 70 0.3 
Ot STS Yr Ames shen tc To eee ea 488 2.0 
Buicersi tot ks lida aetna eee 1,514 6.1 
24,578| 100.0 


1938 


14,363} 100. 


1939 

Ex- Per 
ports Cent 
123 0.6 
23 0.1 
126 0.7 
$4 0.3 
19 0.1 
16 0.1 
6,343] 33.3 
4,790) 25.1 
188 1.0 
398 ae 
5,456] 28.6 
226 I.2 
308 X26: 
990 5.2 


1940 
Ex- Per 
ports Cent 

85 0.4 

79 0.4 

127 0.6 

2,991] 14.5 

760). 3.7 

94) 0-5 

15,722] 76.4 

69 0.4 

108 0.5 

539 2.6 


20,574) 100.0 


Petroleum Development in Peru during 1940 
By O. B. Hopxtns* 


THE total production of oil in Peru in Reserve. Several wells were drilled, regard- 
1940 was 12,127,135 bbl., or about 10 per ing which details are not as yet available. 
cent less than in 1939. Most of the reduc- _It is estimated that the production rate for 
tion can be attributed to the fact that the a total of some 45 old and 15 new wells 
export market under war conditions is approximated 200 bbl. per day, or about 
much restricted and naturally is more than 3 bbl. per well per day. 


ordinarily competitive. Lobitos Fields——The Lobitos area pro- 
duced 2,435,504 bbl.; about ro per cent less 

DEVELOPMENT AND EXPLORATION IN than the amount for 1939. 
OLDER AREAS La Brea-Parinas.—This property of In- 


ternational Petroleum Co. continued to 
account for nearly 80 per cent of Peru’s 
production. During the year, drilling was 
stepped up to 139 wells, as compared with 
73 wells completed in the previous year; 123 
were producers and aggregated a total of 
287,867 ft. Of this total, more than 85 per 
cent was drilled by rotary tools, which are 
Manuscript received at the office of the Institute Steam ygis ce aa as 
Although most of these wells were drilled 


Feb. 18, 1941 


* Chief Geologi ial Oil Ltd., a0 f : 
Bao Canads SR ee een he in the proved or semiproved areas, eight 


As evidenced by Table 1, almost all 
production continued to come from the 
three established fields in coastal north- 
western Peru. 

Zorritos Field.—Exploration in this small 
field, which was purchased by the Peruvian 
Government in 1939, continued with that 
in near-by areas in the adjoining National 


TABLE 1.—Oil and Gas Production in Peru 


Total Oil-pro- 

: A Gas duction- 

Total Oil Production, | Produc- Number of Oil and/or Methods 
Bbl. tion, Mil- Gas Wells End of | 


lions Cu. 
F 1940 


a 


Field, Department During Number 
ae . 1940 | End of 1940 | CF Wells 
£ Ss 
6 S ° 
& be To End of = o aoe7 = b> g 
A 1940 Ss|SIBS|B/ BRS be Y 
; ) 3 | we /ss] 3 | sg 1se ‘3 |= is 
f 4 a) 2/22) 2 | 3 eel estes) & ls 
fs} > &/A|d"13 |e [a2 ithe 34 
1| LaBrea-Parinas, Piura....... 1889] y | y |211,962,466 | 9,626,831 3,250] 139] 16 | 166] 2,091) 16 | 110) 1,981 
2| Lobitos and Restin, Piura. ...|1904] y | y | 49,064,191! | 2,435,5041 y y y y 
3 | Zorritos, Tumbes............ 3,297,502 64,8001 y y y 
4 | Pirin (Huacane), Puno....... y y y y y 
5 pate. 7 UGC. ewes see y y y y y 
6] Totals... Re ee Yas 264,324,159! |12,127,1351 


» Footnotes to column heads and explanation of symbols are given on page 256. 
1 Estimated. 
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were of an exploratory nature. The most A recently issued official government re- 
successful was well 3095, which opened upa_ port (Table 2) shows the total number of 
new area that is now known as the Rio’ wells in Peru as of Dec. 31, 1939. 
Bravo pool, in the northern part of the 
property. The discovery well had a flow- 
ing initial production of 1072 bbl. per day 
from a depth of 2375 feet. Pirin.—At the time of writing no infor- 
Work was started on a deep test well mation on this activity in the Lake Titicaca 
(No. 3115) designed to determine whether _ region is available. It is presumed that any 
production can be secured, not only from activity there was on a small scale. 
the Tertiary, to which so far it has been Pachitea Region —Development in east-— 
confined, but also from the Cretaceous. At ern Peru is confined entirely to the Ganso 
the end of 1940 this well was drilling at Azul Company’s Agua Caliente anticline, 
9200 ft. in beds of Upper Cretaceous age. which is near the River Pachitea and some 
As of Dec. 31, 1940, on the Estate there 20 miles upstream from its confluence with © 
were 2107 wells still classed as producers, the River Ucayali (Fig. 1). This structure 
out of a total of 3250 wells completed to _ strikes northwest-southeast and is about 15 
that date. miles long by 7 miles wide. The crest of the 


DEVELOPMENT AND EXPLORATION IN ~ 
NEWER AREAS 


sr tne ntee 


TABLE 1.—(Continued) 


Deere eh : 
ressure, aracter . . Deepest Zone Tested 
Lb. per of Oil Producing Formation to End of 1940 
Sq. In. : 
Repres- : 
suring Depth 
Opera- & h 
thoné z Avg. Ft 
4 ce Z 
4s Zz Ay x Name Agee | Name 
g| |a <:3| 2 Blels lacteel & sé 
2 3F BES) e 8 $|2 a” es| 5 pe 
4| 2 [se eeslee e\e(cgiszice| = ag 
+S > ~~ 
zl 8 |e Sz ige é|2|E8|g48-| & Be 
PM rdun, Talara, Parinas, 
Iefeny y {Re} 38.1) y Vs oe mae Eocene |S|y]| yy} y| y| AF | Eocene 
2) y y 7 y y | Terebratula, Lower Cav-| Eocene | S|y!] y| y| y | AF | Probably Cre- 
erno taceous 
aly y y y y | Zorritos Miocene |}S}]y}] vy] y| y| MF? ly 
Ay y y y y ly y Viole yy ey y 
5] y y y y y ly y YA vive) A ower Creta- | 3,130 
6 ceous ; 


TABLE 2.—Government Figures 


Inter- : ay Agua 
nationa itos Zorritos 
Petroleum Caliente coe 
Producers: 
Ae SiC cade | AiO Gtace Hear Pos enc 1,97 6 
MBS 5 tee a's ches ms ek Oe eal 6 I ys wis 
WOEGDU ead eainh ac ciatt es Beaten 3 
RTSITAOTIOCLA «:cie-» 1 sacha osc either Aaiete 1,118 375 
TOtal Crile, s dh te, scic Sines Cae shoes III 
Se t- re Peg ey ee Lae . 25 na ast 
ootage drilled in O39 dale antes 5: quale ei 108,447 20,588 r 
Total footage drilled to end of 1930 | 5,205,705 | 2,447,676 qasra ee 


8,143,887 
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fold is relatively wide and flattened. To the 
northeast, dips are as high as 25° to 30° and 
on the southwest flank they are somewhat 
less. 
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increase in proportion with depth. From 
1000 to 1260 ft., there are varying thick- 
nesses of interbedded shales, sands, grits 
and volcanic ash. Of these, approximately 


a” 


\ COLOMBIA 


o- 
—e. ae 


Groups of Recent Applications 
.in Eastern Peru, 


Over 6000 feet Above Sea Level. 
Airways. 
Railways. 
New Roads to R.Ucayali : 
Built. 
Under Construction. 
» National Reserve by Decree Jan.4,1940 


aa 


3y422d 4 
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a) 
eheon 


NS 


AYACUCHO. 
e 


BOLIVIA 


Fic. 1.—PETROLEUM AND GAS FIELDS IN PERU. 


The surface formations are higher Cre- 
taceous in age, while those immediately 
below are regarded as Comanchian. The 
first tooo ft. consist of hard sands and 
siltstones with interbedded shales, which 


150 ft. are saturated oil sands. From 1260 
to 1454 ft., the formations are mainly sand- 
stones, grits and ashy materials, with salt 
water below 1250 ft. and thin oil sand at 
about 1425 ft. At 1454 ft. there is a very 
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hard blue-gray limestone, which continues 
to about 3150 feet. The data above are 
for well No. 1, which was drilled, pre- 
sumably, near the apex of the anticline. 

Five wells have been drilled and one 
is rigging up. Data on these are given in 
Table 3. 

The oil, which is of 46° A.P.I. gravity, is 
accompanied by very little gas, the flow 
apparently being due to a hydrostatic head 
in the same sands, which reach back into 
the hills some 30 or 40 miles to the west. 

The temperature of the oil is approxi- 
mately 165°F. as it is produced. There is no 
ready explanation of this rather excessive 
temperature. 


PETROLEUM DEVELOPMENT IN PERU DURING 1940 


LEASING, AND NEw GOVERNMENT RESERVE 


Although little or no new leasing activity 
is reported in any part of Peru, it is noted 
that the Government created a new Na- 
tional Reserve of approximately 8,000,000 


acres in eastern Peru, in the region near 


the Ganso Azul’s concession (Fig. 1). 
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TABLE 3.—Data on Ganso Azul Company’s Wells on Agua Caliente Anticline, Pachitea 
- Region, Eastern Peru 


Approximate 


blew Thickness} Total 
ee Location from a = January Results of Oil | Depth, 
Well No. 1A 94 Sands, Ft.| Ft. 
I 24 ft. N.W. Standing—may deepen Oil indicated but not dis- 3,130 
1A Closed in, Is the discovery 90+ 1,175 
well and is bottomed in 
top of ash bed 
Tested 1000 bbl. per day 
on 34-in. choke 
2 1939 Plugged Found oil-bearing sand 35+ 1,230 
but drilled into bottom 
: water and was plugged 
=<} 1939 Closed in Tested 250 bbl. per day 60 1,138 
on }4-in. choke 
4 Jan. 1941 | Closed in. Bottomed in| Tested 120 bbl. per hour 136 
top of ash bed through 2-in. tubing 
Rigging up 
6 Proposed 
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Developments in the Principal Oil Fields of Rumania 


during 


THE activity of the principal oil fields of 
Rumania followed the same course as in 
1939. It was marked by (1) collaboration 
between the various companies, particu- 
larly in exploiting oil at great depths with 
a view to rationalizing the exploitation 
and decreasing the difficulties inherent in 
very deep drilling; and (2) economy in the 
exploitation of the older pools in reducing 
to a minimum the cost of the extraction 
and working over of wells by the concentra- 
tion of productive wells in groups. The 
pooling arrangement continued at Tintea 
as a measure of conservation, and exploita- 
tion of the unitized region went forward 
on the basis of the norms established in 
1939. The same methods were applied in 
the fields of Liliesti, Ceptura and Boldesti. 

The petroleum industry had some difh- 
culty in providing the necessary material 
and the hands for work. Importation of 
material and machines from the United 
States was virtually stopped. Substitutes 
were provided from Germany but particu- 
larly useful were certain dispositions made 
by the local metallurgical industry. De- 
spite the higher cost of the production of 
local material and machines, they were 
superior to the German product, the differ- 
ence in quality justifying the higher price 
charged as the materials were found to be 
particularly adapted for the purposes of 
_ the petroleum industry. The cost of pro- 

duction was still further raised by the work 
that was imposed for national defense. The 
rise in costs per meter drilled was 50 per 
cent over those of 1939. 

According to bimonthly tables furnished 


* Translation from Moniteur du Pétrole Roumain 
(Jan. and Feb. 1941). 


1940* 


by the Moniteur du Pétrole Roumain, the 
deepest well completed in 1940 was an 
exploratory well, No. 201 of the Concordia 
company, drilled at Tintea and suspended 
at 3338 meters. This depth was reached 
toward the close of 1939 and the well was 
not deepened in 1940 because of large 
deviation from the vertical. 

The record for productive wells had been 
held by No. 429 at Tintea, drilled by Unirea 
to a depth of 3200 m., and in 1938 well 
No. 317 Cocorasti-Mislea, of the Colombia 
company, but these records were passed in 
1940 by well No. 613 Liliesti of the Con- 
cordia company, which reached a depth of 
3294 m. and had an initial production of 10 
tons per day. 

In 1940, the same number of wells, 11, 
had been drilled to a depth of over 3000 
m. as in 1939. Five of these wells are at 
Tintea and six at Liliesti. Table 1 lists these 
very deep holes in the order of their depth. 


TABLE 1.—Deep Wells Drilled in Rumania 
im 1940 


Initial 


No. Produc- 
of Field | Deeth, | tion, 
Well eters |Tons per 

Day 

405) | Colompta-........- Liliesti 10 
620] Uniréai.. .i2 0. oc. Tintea 7 
A26:|| Unread cmt ct te Tintea 48 
Aro)| Colombia’... + -- Liliesti 30 
627 | Concordia (Unirea),] Liliesti q5 
430 | Concordia (Unirea).| Tintea 30 
618 Docuagoo gts Liliesti 70 

24 | Steaua Romana...| Tintea 18 
AN 2 | MU MIFCAetiG ales clea Tintea 23 
613) Concordia, ...)... .. Liliesti nae) 


Production in Rumania in 1940 reached 
5,813,000 tons, in contrast to 6,240,000 
tons in 1939, a decline of 427,000 tons, or 
6.8 per cent. Drilling reached 241,500 m., in 
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contrast to 256,000 m. in 1939, which is a 
decline of 14,500 m., or 5.7 per cent. The 
reduction in production in 1939 from that 
in 1938 was 5.6 per cent. Between Jan. 1 
and Dec. 1, 1940, production began from 
93 wells, as against 104 wells in 1939 and 
137 in 1938. The average depths of these 
wells were as follows: 13 wells below 1000 
m.; 21 between 1oor1 and 1500 m.; 22 
between 1501 and 2000 m.; 17 between 
2001 and 2500 m.; 9 between 2501 and 
3000 m.; II Over 3000 meters. 


TABLE 2.—Depths of Wells 


Number of 


Wells That Minimum |} Maximum 


Fields Depth, 
Reached the 
Formation Meters 
Tintea,5.2.\. 3,211 
Moreni..... 1,935 
Ceptura.... 1,600 
Margineni. . 2,140 
G. Ocnitei. . 2,148 
Boldesti.... 2,580 
Liliesti..... 3,294 
Piscuri..... 1,240 
Mislea..... 1,433 
Ochiuri ; 1,464 
Baicoi...... 2,721 
Rasvadir.... 


Of the 93 wells, 12 produced from the 
Dacien, 2 (Margineni) from the Miocene 
and 79 from the Meotic. Of the 12 wells in 


TABLE 3.—Drilling Time 


Fields 


TAastll emer raiidnorn Chcetrcubtenttatitn + ef 
Liliesti. 
Liliesti. 
Tintea.. 
Tintea.. 
Tintea. . 


Ceptura.... 
Margineni, ‘ 
Margineni. . 


Gura Ocnitei. 


the Dacien, 6 were at Tintea exploiting the 
horizon at depths varying between 1382 
and 1812 m. The distribution of the wells 
in the various depths is shown in Table 2. 

Table 3 indicates the time required to 
drill certain of the deeper wells in the 
various fields, and the meters drilled per day. 

It is notable that well No. 465, Creditul 
Minier 4 Moreni, found petroleum at a 
depth of 1847 m. after 30 days of drilling, 
which is an average of 61.1 m. per day. 

The following figures show the number of 
wells by companies: Romano Americana, 
24 wells; Concordia, 14; Astra Romana, 1 35 
Unirea, 10; Creditul Minier, 8; Steaua 
Romana, 7; Colombia, 6; Foraky Rod 
manesca, 4; Prahova, 3; Petrolul Romanesc, 
2; Dacia Romana Petr. Sy., 1; Continentala — 
Peeiiters, I. 


SUMMARY BY AREAS 


Tintea.—The region of Tintea was the 
most important drilling district for the 
year, with 16 new wells and a production of 
1,246,000 tons, against 1,093,300 tons in 
1939. Production increased therefore 14 
per cent. As in the previous year, the field — 
was the object of special attention by the 
companies interested—Unirea,  Astra- 


Average 


Depth, 


Companies Matare 


per Day, 
Meters 


‘ 

' 
27.80 
22.50 
21.50 
32.50 
29.50 
30.90 
27.40 
49 


Colombia 
Concordia 
Concordia 
Unirea 
Unirea 
Unirea 
Steaua Romana 
om. Americ. 
Rom. Americ. 
Rom. Americ. 
Rom. Americ. 
Rom. Americ. 
Rom. Americ. 
Astra Romana 
Astra Romana 


34.70 
Astra Romana 34.20 
Rom, Americ. 28.20 
Credit. Minier 35.20 


Credit. Minier 
Credit. Minier 
Concordia 
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Romana, Concordia and Steaua Romana— 
the majority of the work in drilling being 
executed on the basis of agreement and 
division of the daily production. Most 
intense activity was exhibited by Unirea, 
which drilled six new wells and obtained 
production in the neighborhood of 370,000 
tons, or 30 per cent of the production of the 
entire field. Of 52,365 m. drilled in the field 
during the year, 12,086 m. were drilled by 
Unirea—in the neighborhood of 23 per 
cent. At the end of the year 107 old wells in 
the district were producing; 12 wells were 


drilling and 4 wells were being worked over. 


Gura Ocnitet—This district, which has 


occupied the first place as a producer for the 
last three years, dropped to second place in 


1940. The production reached 1,118,000 
tons—a decline of 161,000 tons from 1939, 
or 12 per cent. 

Twelve wells reached the producing 
horizons during the year, making a total 
of 325 producing wells, while nine were 
drilling at the close of the year. The com- 
pleted wells were allocated as follows: 
Concordia, 7; Prahova, 3; Unirea, 1; 
Foraky Romaneasca, 1. 

The biggest producer was Concordia, 
with 140 wells and a total production of 
542,000 tons; the second was Prahova, with 
70 wells and a production of 210,000 tons. 

Of the 12 wells drilled, only 3 were drilled 
to the Dacien, compared with to the pre- 
vious year. The two best wells completed 
were Prahova 95, which was drilled to 1434 
m. with an initial production of 57 tons, and 


Concordia 659, drilled to 2034 m. with a 


production of 33 tons. 
Moreni.—Moreni continued in third 
place with 585,000 tons, in comparison with 


_ 710,700 in 1939, a decline of 20 per cent, or 


125,700 tons. At the end of the year 236 
wells were in production, 3 wells drilling 
and 11 working over. During the year, 15 


_ wells were drilled, in contrast with 6 of the 


previous year. Wells drilled by companies 
were as follows: Creditul Minier, 8; Dacia 
Petroleum Syndicate, 1; Steaua Romana, 1; 
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Unirea, 1; Foraky Romaneasca, 1; Con- 
tinentala Petrolifera, 1; Petrolul Romanesc, 
2. The total footage drilled was 12,000 m. 
Astra Romana was the largest producer, 
with 130,000 tons from 4o wells. 

Ceptura.—Fourth in production was 
Ceptura, where rr wells were drilled 
against 17 drilled in 1939. The total amount 
of drilling was 15,000 m., against 30,000 
m. the previous year. Production reached 
582,000 tons from 130 wells, in contrast 
with 694,000 tons of the previous year. 
Wells drilled by companies were as follows: 
Romano Americana, 7; Steaua Romana, 2; 
Astra Romana, 2. One well was drilling at 
the close of the year. 

No special drilling difficulties were en- 
countered; for instance, Romano Ameri- 
cana was drilled to 1520 m. in 31 days. In 
this field there is a pooling agreement 
between Astra Romana, Romano Ameri- 
cana, Steaua Romana and Creditul Minier. 

Boldestii—The production was 560,000 
tons, against 694,000 tons in 1939. Drilling 
reached 17,000 m., against 16,600 m. the 
previous year. Eight wells were drilled, 
distributed as follows: Astra Romana, 5; 
Romano Americana, 2; Unirea, 1. 

Piscuri.—Piscuri, which is an extension 
of Moreni, was explored by Romano 
Americana and Creditul Minier. Three 
wells were drilled to the Dacien and three 
to the Meotic. The production of the field 
totaled 352,000 tons, against 337,000 in 
1939. Drilling total was 12,000 m., against 
11,000 the previous year. Ten companies 
were producing from 112 wells at the end 
of the year. 

Bucsani.—Drilling recommenced in this 
area, and Steaua Romana drilled 192 m. 
during the year. The production of 260,000 
tons was won from 70 wells, compared with 
a production of 308,o0o tons from 80 wells 
the previous year. 

Ochuiri.—Astra Romana completed two 
wells in this field to depths of 1464 and 
1428 m., respectively, for ro tons produc- 
tion per day. At the close of the year 
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Prahova was drilling two wells and Petrolul 
Romanesc one. Production reached 252,000 
tons from 87 wells, compared with 266,000 
tons in 1939. I.R.D.P. occupied first place 
as a producer, with 50,000 tons. 

Rasvad.—Only one well was completed 
in the Rasvad field (an extension of 
Moreni). No. 353 Steaua Romana produced 
4 tons daily from 1851 m. At the close of 
the year, 37 wells were producing, of which 
22 belonged to Astra Romana, which has 
70 per cent of the production. Production 
for the year was 225,000 tons. 


TABLE 4.—General Statistics for the Ru- 
manian Petroleum Industry for 1939 
and 1940 


Per Cent 
Change 


Item 1940 1939 


Drilling, meters....... 256,000] — 
Production of crude oil, 
metric tons: <<. .<.: 
Treated in refineries, 
metric tops... +... 21 - 
Resultant product, met- 
TACHEOTIS  ctsle verte eeeains 
Internal consumption, 
Petre ONS 31 eis 
Total exports, metric 
OTIS Wrote ees en enets 
Exports crude oil, met- 
TIC TONS (16 aio erase ni aies 
Exports via Constanza, 
metrictOns. 2 ss sn 
Exports via Giurgiu, 


241,500 5 
5,813,000]6,240,000] — 6.8 
6 


5,469,500|5,837,000] — 


207,500] 320,168] — 9 


1,430,389|2,757,062} — 48. 


H 


metric tONS <2)... 3 0s + 2.9 
Exports from _ other 
points, metric tons..| 824,332} 215,542] +282.4 


Margineni.—Production improved in 
this field, owing to the activity of Romano 
Americana, which drilled seven wells. 
Astra Romana drilled one well and Colom- 
bia one. Production was 135,000 tons, 
against 52,000 tons the previous year. 
Drilling totaled 24,000 m., in contrast with 
17,000 m. in 1939. At the end of the year 
18 wells were producing and 2 drilling. The 
depths of the wells completed ranged from 
1870 to 2140 meters. 

Chiciur a-Bustenari-Bordeni.—Produc- 
tion from these old fields was 106,000 tons, 
in contrast to 118,000 tons of the previous 
year, obtained in the main from the opera- 
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tions of 80 small companies; 414 wells 
were producing, against 422 producing in 
1939. Drilling was only 600 m., limited to 
workovers or deepening jobs in four wells. 

Baicoi.—Production increased from 
51,000 tons in 1939 to 91,000 tons in 1940. 
Romano Americana completed two wells, 
No. 271 to a depth of 2721 m. for 114 tons 
and No. 280 to a depth of 2625 m., with a 
production of 6 tons per day. At the close 
of the year 43 wells were producing and 2 
drilling. 

Runcu-Mislea.—Foraky Romanesca 
drilled No. 127 to 762 m. and Steaua 
Romana drilled wells 544 and 535 to depths 
of 1433 and 1123 m., respectively. The 
production of 77,000 tons came from 143 
wells, in comparison with a production of 
97,100 tons in the previous ear from 137 
wells. The production was mainly from the 
properties of numerous small companies. 

Liliesti—Owing to the activities of 
Romano Americana, Concordia, Colombia 
and Unirea, which in collaboration have 
drilled eight wells of great depth, produc-— 
tion was increased from 55,000 tons in 
1939 to 61,000 tons in 1940. Of the eight — 
wells drilled, six reached depths in excess of 
3000 m. and the other two approached this _ 
depth (No. 31 Concordia, 2926 m., and ; 
No. 36 Concordia, 2981 m.). At the end of : 
the year, three additional wells were drill- i 
ing—one by Concordia, one by Romano_ 
Americana and one by Unirea. The deepest — 
wells in Rumania are in this field. ; ; 

Teis-Aninoasa.—The production from _ 
this field was 40,000 tons from 14 wells, in 
contrast with 52,000 tons from 15 wells in 
1939. The status of the wells in the field is — 
as follows: 


Prahova cts <trreweele sells sede side 
Petrolul Romanesca.......... 
Vistlredivtaystara's tye sratopehere erciarhte, rd 


HR 


ale. | 
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Bacau (Moldavie).—The fields of this 
department produced 43,000 tons in 1940 
in contrast to 46,200 tons in 1939. This 
comes from 94 pits and 181 wells in the 
fields of Moinesti, Stanesti, Zemes, Solont, 
Tazlau and Lucacesti. About 1000 m. of 
drilling was done, 617 m. at Stanesti and 
Tazlau by Moldonaphta, and 297 m. at 
Comanesti by Petrolmina. 

Arbanast.—Production in Arbanasi was 
37,000 tons, compared with 42,900 tons in 
1939, from 85 productive wells worked by 
Steaua Romana, Colombia, Petrolul Ro- 
manesca and Romana Belgiana. Steaua 
Romana operated four pits at Sarata in the 
Department of Buzau. 

Campina.—The production for the year 
was 28,000 tons from 63 wells, of which 58 
belonged to Steaua Romana. 
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Aricesti.—Production in Aricesti was 
19,000 tons from eight wells, of which seven 
belonged to Steaua Romana and one to 
Romano Americana. At the end of 1940, 
Romano Americana was drilling one well on 
the Sospiro lands. 

Copacenit.—Production in Copaceni was 
16,000 tons from the six wells of Naphta 
Romana, the same as in 1939; 500 m. was 
drilled during the year. Drilling of one well 
continues. 

Viforata.—Production in Viforata con- 
tinued to decline, being 16,000 tons in 1940, 
against 22,000 tons in 1939 and 39,000 in 
1938. Thirteen wells were producing. 

Draganeasa-Pitigaia.—Forage Lemoine 
has two wells in the Draganeasa-Pitigaia 
field, and produced 10,000 tons during the 
year and drilled 820 meters. 


TABLE 5.—Production and Drilling in Rumania for the Year 1940 


Gross Production, Tons 


Wells and Pits as of 


Drilling, Meters 


Dec. 31, 1940 
Stocks 
Field Dec; Wells 
SL 
D Total Nov. | Dec. | Year | Pits 
oe i‘ 2 aoae Work | Dritl- | #¥0- 
Overs| ing tod 

ERITILEEN yiejoicte «ls coal or 84,042] 87,370] I,209,415| 10,619} 3,051] 1,797| 54,325 6 10 106 
ESE EL = acstcharo ee vielessi ek 7,637| 8,557| 114,601 1,052 573] 20,410 I 5 8 
RAICOU rae reaiensice = 8,002] 8,859 93,476| 4,613 254 I3| 8,607 3 43 
Margineni..... eu 7,588] 4,74! 124,632] 1,379 989] 2,953] 25,841 I 12 
OEE eciisies sels o> 37,363] 38,512 563,599] 16,160 697 532| 9,349 2 225 
SPAS @iaiter te bciteielee 0°; 25,007} 28,580] 348,507| 8,153 315 391] 14,004 2 I 112 
C@epturat..-0..++-+| 28,289) 30,471 543,065 7,661] 1,065 339] 15,887 94 
PBS OLGEStE . 2inie eicle sisi 32,733] 45,753 eras £0,428 1,047 389] 15,566 3 93 
Aricesti....... ARete 305 553 16,472 29 

MITICTL Wotcice ce sletsinewe 6,249 6,778 82,9036 3,561 54 17 4,030 I 137, 

hicuira-Bustenari-, 
4 Bordeni........5. 7,772| 7,903] 104,485] 2,909 216 733) 36 9 I ~_ 
@ampina........- «e-| 2,397) 2,345 27,055| 1,922 3 
Pitigaia, Gura ; ; 

Dragenesel....... 350 300 10,160 21 : F 
Capacent.......5-.- I,I54| 1,205 75,846 ss 82 51 884, : 

UG Sliayvevefator siietol i's 70 77 964 2 
Rontosti PABEDS aie 968] 1,475] 4,140 2 
Calugarenin. v.16. 537 208 7609 I 
Wuleanesti......... 285 AAi| 1,127 I 
Magurele Ka : 694 : 
habe aE 8 at ; 
i ulce.. 
Ces Ocuitel. Eee 81,899] 81,780] 1,093,978] 16,338] 2,684] 2,656] 32,005 I 10 gue 
HSUISCANI «cloves ils a 18,611] 19,669} 258,646] 8,221 192 oe 
RCH UITAS so sia woke cee 17,466] 17,772| 245,424] 6,293] 2,178] 2,300] 13,174 2 5 to) 
RAS VEC s tv's. ses ow'n « 20,034] 20,567 236,470] 5,877 3,177| 6,365 I I “y 
Tels-Aninosa....... 2,923} 2,938 38,838] 1,365 751 5,196 I a 
WHtOtatare. ss suave. « Tecisey| = hinsPals 15,864 776 : 
Glodeni...... ee 110 106 1,454 15 re Peet : 
WIOICESEL = o.c.c.¢ auerses 5 : : Ae 
jorkiclqn ance ote ao 2,859] 2,952 36,581} 2,030 209 4 

Dniet Bacatt ries: 3,469} 3,534 43,039] 3,537 65 LOZ) tyes 5a 03 I 4 86 

MOG alScery.) aim 6 = «4s! 398,372] 419,502] 5,813,000| 292,869] 16,448] 17,729] 241,500] 143 24 54 2,125 
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Glodeni.—During the year, 1400 tons 
was produced from one well of Steaua 
Romana. 

Scaiosi.—Production in this field was 
1ooo tons from two wells operated by 
Socop, controlled by Creditul Minier. 


EXPLORATION 


Berca-Joseni—Astra Romana drilled 
one well on a 4oo-hectare block to a depth 
of 2457 meters. 

Magurele (Prahova).—Creditul Minier 
carried the No. 2 well started by Neo- 
Petrol to 531 m., where it was suspended 


dd 
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and was still drilling No. 12 in December; it 
had reached 1853 meters. 
Floresti—Petrolul Romanesca drilled 
No. 50 to 1721 m., where it now stands 
suspended. 
Vulcanesti—Creditul Minier No. 1 was 
drilling at 975 m. at the close of the year. 
Calugareni.—Creditul Minier No. 270 
was drilling at 647 m. at the close of the 
year. : 
Comanesti.—Petrolmina’s wildcat was ° 
drilling at 297 m. at the close of the year. 
Tintea.—Concordia’s wildcat at Tintea 
had reached a depth of 3338 m. at the close 


TABLE 6.—Operations of Refineries in Rumania! | 


Crude Oil : : : Other Used as 

Treated Gasoline Kerosene Gas Oil Fuel Oil Pacnete Waar ; 

i 

1940 5,469,500 1,442,487 793,403 798,363 1,803,504 147,388 123,449 
1939 5,840,423 1,556,905 968,438 770,221 1,953,981 152,074 91,000 

1938 6,217,500 1,529,022 1,082,793 858,301 2,128,370 219,186 101,913 { 
1937 6,656,564 1,588,512 1,112,893 993,063 2,331,104 175,132 268,620 
8,038,004 1,921,851 1,290,330 1,280,622 2,789,733 227,852 300,080 


1 All figures in metric tons. 


in April; No. 3 was drilled to 2675 and 
produced salt water. The work of explora- 
tion in this area began in 1938, when at 
2291 to 2296 ft. production was found, 
which yielded 1400 tons of emulsion of 
which 30 per cent was salt water. 

Manesti (Prahova).—Steaua Romana, 
drilling for the account of Unirea, com- 
pleted the No. 3 well to a depth of 2228 m. 
Unirea redrilled its No. 1 from 1928 m. to 
2079. This brings the total of the wells in 
this field to six, of which five were com- 
pleted before January 1940. These wells 
have established the presence of large 
deposits of gas in the Dacian and Meotic, 
which constitute important reserve of fuel 
for the towns of Ploesti and Bucharest. A 
new well was spudded in by Romano 
Americana on Aug. 5 at Manesti-Vladeni 
(No. 4), which in early December had 
reached a depth of 114 meters. 

Doicesti (Dambovita).—Astra .Romana 
drilled exploratory well No. 11 to 1689 m. 


of the year and was drilling inside 6-in. 
casing. 

Geophysical Prospecting was being carried 
on in the regions of Oltenie, Walachie and 
Moldavia by the large companies. 

A.C.E.X., the Government organization 
for the coordination and orientation of 
mineral exploration, is carrying out ex- 
plorations at this time with the necessary 
specialized personnel and has additional 
plans for the coming year. Va 


ADDITIONAL STATISTICS 


Additional figures for the year ro4o 
showed declines in all fields of activity. No 
new fields were discovered and operations 
were of a routine nature, as would be ex- 
pected from the political history of the ~ 
year. Changes in the currents of interna- 
tional trade in petroleum products are 
shown in the decline of exports via the 
Black Sea port of Constanza, and thell 
increase in the shipments through Giurgiu, : 
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the Danube port, and by other ports, that 
is railroads, to central Europe. 


TABLE 7.—Stock of Crude Petroleum at 
Field and Pump Stations 


Tons oF CRUDE OIL 


COMPANIES AS OF DEC. 31, 1941 

SCT A IVOIMADA ccriscecas coe 34,081 
OM CORGIA ten. MIR ARN Sele Hat 53,871 
Romana Americana.......... 7,241 
Steaua Romana......s-:.e.. 46,735 
Wolomipta a eae a, myade caees os 20,721 
LOhicb ie Bee ae, Sa eR oe Re 11,800 
Prahova cn dae Moe oem aa 2,020 
. ——— 

“NGS 1 el pital ae ROMER cae nee 177,369 


Tables 4 to 8 give the important statistics 


_ of the industry as reflected in the February 
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number of Moniteur du Pétrole Roumain. 
At the time of writing, complete statistics 
for the export of petroleum products by 
the country were not available, but pre- 
liminary figures for the month of December 
indicate that exports to Germany and Italy 
had reached 244,998 tons per month, the 
largest portion of which went to Germany. 

It is doubtful whether the production of 
Rumania can be very much increased dur- 
ing the coming year, and the amount 
available for export will probably remain at 
about 3,500,000 tons. 


TABLE 8.—Activity of Petroleum Industry in Rumania 


PM ieee A tacss Gc ak toas| casiae iii | taal |, TRAIAN 1° IE ae co Ge 
Ba elitnd Side Indes aie Gone ad 
Drill- |Index, Pro- |Index, Index, ,. |Index,} porta- |Index,| tic Con- /Index, 
Months, ing, Jan. | duction, | Jan. bens Jan. cota Jan. | tion by | Jan. | sump- | Jan. 
BORO Meters} = 100] Tons |= 100 ons |= 100 Tong |= 100|Products|= 100} tion, |= roo 
ons Tons Tons 
holy eee 10,216] 100 15,341} 100 489,446] 100 5,719 I00| 302,130] 100 195,649| 100 
BS WS Ae eters 19,090| 187 pad end 95 504,187} 103 11,877 208) 205,313 68 206,406} 105 
PME Hie ecko y fo 20,750), 253 520,672] I01 471,978 96 14,132 247| 284,336 94 180,550 92 
Apr. 23,682) 232 501,109} 97 | 445,902} OI | 31,658] 554]! 231,075] 76 147,994| 76 
May 22,728) 222 519,617| IOI 526,546] 108 | 59,551| 1,041] 428,282] 142 159,866] 82 
i: 21,063] 206 499,338] 97 484,071 09 | 15,059 263] 207,516] 69 140,755 72 
LIES. ans 'of: 20,615| 202 517,478] 100 472,472 96 | 40,068 70O1I| 285,972 95 139,578 69 
PRU ava tavacis > 29,931} 203 524,030] 102 435,185 89 | 32,706 572| 288,190 95 121,939 oe 
BEDb aris cies 18,312| 179 441,112 86 418,060} 85 10,006 175| 246,354] 82 128,997| 6 
Oct 19,922] 173 407,922) 81 439,260} 90 | 19,953} 349] 295,735] 98 156,878 iA 
Nov... 16,444] I61 398,372| 76 | 372,916] 76 | 32,556] 385] 240,306} 80 134,831 ? 
NDCC eiscctase’s 17,729| 174 419,502 81 409,468 84 | 24,128 422| 180,870 57 148,551 7 
Total 1940..|241,500 5,813,000 67 |5,469,500 68 |207,413 47|3,196,079 51 |1,862,000] 120 
Total ae eG nee 3 6,240,000 72 15,837,000 329,168 52/3,848,403 62 1,784,750 | 
Total 1938..|288,000 88 |6,610,000 76 |6,217,500 335,437 53/4,159,325 66 LS TaiOds Io 
mm Lotal 1937.. 120 |7,153,000] 82 |6,656,000 5,105,935) 83 map. ned 
Total 1936.. 100 |8,704,000] 100 |8,043,000 6,256,131] 100 |1,545,603| 10 
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Russian Oil Industry in 1940 


By Basit B. Zavotco,* MemBER A.I.M.E. 


PropuctTIon of crude oil in the U.S.S.R. 
during 1940 is estimated at 222,600,000 
bbl., as compared with the revised figure 
for the preceding year of 220,866,000 bbl., 
an increase of 0.79 per cent, and at least 20 
per cent under the planned output. Baku 
district (Transcaucasus) remained the 
outstanding producing area, accounting 
for 72.33 per cent of the country’s produc- 
tion, and this relative importance of the 
Apsheron Peninsula oil fields will probably 
continue for many years to come. 

In the North Caucasus the Grozny- 
Dagestan area further extended its decline 
and the current production in this district 
amounts to only 6.06 per cent of the total 
U.S.S.R. output, as compared with 35.76 
per cent in 1931. The production of the 
Kuban-Maikop district remained virtually 
unchanged from the preceding year, 
amounting to 7.64 per cent of the country’s 
total. The Caucasian Province, therefore, in 
1940 produced 86.03 per cent of the total 
production of the U.S.S.R. The promising 
new Permian Basin district, called Ural- 
Volga, and referred to sometimes as the 
“Second Baku,” increased its production 
appreciably during 1940 and the output of 
that area amounted to 8.31 per cent of the 
country’s total, as compared with 6.35 per 
cent during 19309. 

Production in the secondary districts of 
Russia continued unchanged though some 
new discoveries in the Emba salt-dome 
basin suggest that the output of that 
district may show some increase during the 
coming years. 

Manuscript received at the office of the Institute 


April 22, 1941. 
Sh soak de Chase National Bank, New York, 


The drilling operations in Russia during 
1940 reached a stage of virtual breakdown 
and the original footage plans were fulfilled 
only to the extent of around 50 per cent, 
while exploration drilling schedules were 
fulfilled only to the extent of about 25 to 
35 per cent. This condition was due to the 
obvious lack of modern drilling rigs, of good 
drill pipe and of strong casing. Extended © 
breakdowns occurred with deeper drilling, 
particularly because with few good drilling 
rigs available speed was being attempted 
with rotation rates that the inferior drill 
pipe and bits could not stand. Twistoffs 
and endless fishing jobs resulted. The diffi- 
culties became so serious a handicap to the 
Soviet oil industry that it was found 
imperative to order American drilling | 
equipment and pipe in quantity, a policy 
that was never favored in the U.S.S.R. 
because it requires expenditure of gold or 
exchange in major volume, and such ex- 
change usually is reserved only to less 
bulky key items or to orders directly 
connected with armaments; also, oil-field 
machinery is very bulky and the prevailing 
lack of bottoms makes the transport of the’ 
indicated equipment a major problem. 

But little progress was similarly made in 
other branches of the Soviet oil industry. 
No new major pipe-line construction work | 
was undertaken, consequently the railroads’ 
continued to be overburdened with traffic 
that could be much more effectively 
handled by pipe lines. No new refinery 
construction of any magnitude was ini- 
tiated, though several plants that had been 
in course of construction for several years” 
were completed during 1940 and operation 
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of some additional units is planned for 
ro4r. The hope of using natural gas for 
industrial fuel and for public utility pur- 
poses was still far from realization; and 
even though several major gas reserves are 
known to exist in the territory of the 
U.S.S.R. there is not a single city in the 
country except those in the immediate 
vicinity of the oil fields that is now being 
served by natural gas. 

Russian crude-oil production (Table 1) 
has remained virtually unchanged since 
1936, in which year it reached 202,544,000 
bbl. The indicated stabilized production 
superimposed upon the rapidly expanding 
industrial economy of the U.S.S.R. could 
not but exercise a delaying influence upon 
the growth of industrial Russia, particu- 
larly while faced with the rapidly mounting 
requirements for the military establish- 
ment, which, more specifically, is reported 
to include a vast air force and large tank 
and motorized corps, all requiring large 
volumes of the best grades of fuels. 


PRODUCTION 


Transcaucasus.—The fields of the Ap- 
sheron Peninsula (Baku district) continued 
to maintain their production principally 
because of the development of additional 
flush production in the newer oil fields in 
the district west from Baku on the Lok- 
Batan-Binagadi trend. In this area Chakh- 
nagliar field proved to be particularly 
prolific and served largely to counter- 
balance the declining production of other 
fields of the district. In the older fields of 
the Baku area development of the deeper 
sub-Kirmaku sands continued actively 
and also a number of pools were somewhat 
extended during the year. On the whole, 
however, the main policy of the Baku Trust 
remained unchanged, the maintenance and 
increase in production being counted upon 
to be derived primarily from the naturally 
flowing wells; hence, if during a relatively 
short period, say one-half year, exploration 
activities are not successful in finding and 
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in developing new flush reserves, produc- - 
tion of the Baku district may decline 25 to: 
30 per cent in a period of time as short as | 
2 years, and such decline probably will have : 
a catastrophic effect on the transportation . 
services of the country and on manufac- : 
tures that use fuel oil exclusively. - 

North Caucasus.—The older pools in the 
Grozny area continued their decline, begun 
in 1931. In that year, this district produced 
57,979,000 bbl. while the fields then pro- 
ductive produced in 1940 probably not 
over 5,000,000 bbl. A new and important 
field apparently was discovered during 
1940 east of the New Grozny field at Oisun- 
gur, where exploration started in 1926, wa 
discounted in 1928 and again resumed : . 
1938, the discovery well being completed 
for 2100 bbl. from 4900 ft. This apparently 
important discovery is 35 miles due east 
from Grozny and in the central portion af 
the Gudermes Range, which is one of th 
major structural trends of the area, paralle 
and in echelon with Terski and Sunjens 
Ranges, upon which have been located the 
older fields of this district. However impor- | 
tant Oisungur may appear, probably it i 
located too far from the service centers t 
be quickly assimilated by the Soviet man- 
agement and it is to be doubted that the 
production from the Grozny district of the 
North Caucasus will show appreciable 
increase in the coming few years. The 
Grozny district continued to suffer from 
the already indicated policies of the Soviet 
management to draw primarily from the 
naturally flowing wells at capacity, dis 
regarding production from smaller wells 
from which it must be lifted mechanically. 
Thus, in some of the major fields of the 
Grozny district as much as 70 per cent of 
the total number of productive wells was on 
the shutdown list, because of lack of com 
pressors, deep pumps, or repair parts for 
that equipment. It was also of interest to 
learn during the past year that the light oil 
from the Gorski field was being stored in 


BASIL B. ZAVOICO 


open pits, from which evaporation losses 
would be great. 

In Kuban district production has become 
more or less stabilized at around 17,000,000 
bbl. per year, after reaching that level in 
1938, when it rose sharply from a produc- 
tion rate of about 10,000,000 bbl. per year. 
Difficulties facing Baku and Grozny dis- 
trict were encountered in the Kuban area 
also, causing rapid decline of the flush 
wells where adequate equipment was lack- 
ing for handling the wells that discon- 
tinued natural flow. No new discoveries of 
consequence were made in this region 
during the year. 

Ural-Volga Permian Basin.—The Ural- 
Volga Permian Basin, comprising the 
immense territory from Perm to the 
Caspian Sea, continued to increase its 
output during 1940, its production reaching 
18,500,000 bbl. as compared with 14,016,- 
ooo bbl. in the preceding year; and further 
large increases are anticipated in the com- 
ing years. The most important development 
in this basin took place in the Buguruslan 
area, in which production is found at 
between 800 and 1000 ft. in the Permian 
limestones, with initial production of the 
wells ranging from 350 to 700 bbl. per day. 
A large area has been proved for production 
in the Buguruslan district in which exten- 
sive drilling operations will be conducted 
during 1941. However, in this area spacing 
patterns are entirely too close for this type 

of production—one well to 4 acres—hence 
a large amount of unnecessary drilling will 
take place and the number of wells com- 
pleted will not be the true measure of the 
reserves developed, if considered on the 
basis of production in the West Texas 
Permian Basin in the United States. At 
‘Tuimazi, between Buguruslan and Ishim- 
baevo, Devonian limestones were found to 
carry apparently commercial oil saturation 
though no production has been developed 
as yet. The first well that tested Devonian 
in the Tuimazi area has found igneous 
formations at about 5700 ft., which is con- 


* 
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siderably higher than the basement com- 
plex expected in this territory. Devonian 
was encountered also near Ishimbaevo 
itself, on the Shihani anticline, where 
porous, saturated dolomites of the Upper 
Devonian were found. The discovery well 
was thought to be able to produce 350 bbl. 
per day from around 35 ft. of oil-bearing 
section. Elsewhere in the Permian Basin 
and to the west of it a number of explora- 
tion wells showed promising results but 
because of the slowness of the Soviet 
exploration tactics and exaggeration of the 
first reports, it is impossible as yet to judge 
what really has been found. 

In the Sizran area of Samarski Luki, 
further exploration work continued, as well 
as did the development of already proven 
fields, but the results on the whole were 
most unsatisfactory, principally because of 
ineffective drilling operations. In this area 
also commercial Devonian oil saturation 
has been proved, though not developed; 
hence sediments of that age apparently 
will form a very important source of oil 
in the future and not only in the Ural- 
Volga Permian Basin but also possibly 
farther west in the Moscow Basin. 

Emba District—The production of the 
Emba district continued at about the 
unchanged rate from the preceding year 
but new discoveries made during last year 
on the salt dome known for some time are 
expected to result in slowly increasing out- 
put from this secondary area upon which 
the Soviet geologists have always placed 
too much hope. An interesting reinter- 
pretation of the former geophysical work 
in the light of actual drilling is that many 
of the adjacent salt masses are not really in- 
dividual salt domes but large single domes 
extensively faulted. The presence of such 
large domes very extensively block-faulted 
makes search for flank production difficult. 


EXPLORATION 


Exploration for oil and natural gas out- 
side of the districts mentioned has been 
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none too successful; in many instances the 
good work of the geologists being counter- 
acted by the impossibility to test the areas 
effectively by drill resulting from the gen- 
eral breakdown of the drilling operations 
in the country. Thus, the salt-dome basin 
of the Ukraina still remains in the nebulous 
stage of development, no commercial 
production having been found as yet. 
Similarly, really promising fields in Georgia, 
in Transcaucasus, still are accounting for 
less than 1000 bbl. per day, though their 
reserves and location should have resulted 
in much larger output by this time. Also, 
exploration of the very promising territory 
of the northwest shores of the Caspian 
Sea between the Grozny district and the 
Emba salt-dome province remains only 
in preliminary stages, as does also the work 
in the immense sedimentary basin due east 
from the Ural Mountains. Exploration 
work and drilling in Siberia are being con- 
ducted in several locations but with medio- 
cre results. No commercial production 
from that territory can be anticipated in 
the near future, though geologically the 
area must be considered most favorable. 
In Turkmen area and in Turkestan, as 
well as in Sakhalin, only routine operations 
took place. There were no major discoveries 
or appreciable changes in the production. 


DRILLING 


As already indicated, drilling constituted 
the primary stumbling block to the more 
rapid development of the oil industry in 
the Soviet Union. Many reasons have been 
responsible for the breakdown but more 
especifically poor quality of drilling equip- 
ment, of drill pipe, and of casing, super- 
imposed upon inexperienced labor, have 
caused such extensive breakdowns at the 
greater depths and faster speeds that not 
over one-half the program has been fulfilled 
in the whole country and locally operations 
have been actually at a standstill. Further- 
more, completion of the drilling footage 
programs even to the extent of 50 per cent 
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does not reveal the whole picture, as has 
been suggested in a number of instances — 
in the Soviet technical press. Actual cases 
have been cited of drilling programs ful- — 
filled to the extent of 60 to 70 per cent as 
far as the footage is concerned, but none 
of them ending in the successfu Jcompletion — 
of oil wells; therefore the expression of the 
completion of the plans in footage does not 
really represent a true picture, since, as 
indicated above, the figures are often zero. 

To correct the difficulties, portable rigs 
capable of drilling to around 4oo0 ft. have 
been ordered in the United States for ship- 
ment across the Pacific, the total number 
possibly reaching 200. 

With the breakdown of the rotary- . 
drilling operations, caused largely by the 
poor quality of the drill pipe, the attention 
of the Soviet engineers and management 
was attracted to the turbine and electrical 
methods, in which the motive power is 
located at the bottom of the well and the 
drill pipe remains stationary, thereby 
eliminating the danger of the twistoffs. 
Turbine drilling is already in a considerably 
advanced stage and a number of rigs are 
in operation, some wells having been 
drilled to as much as 8500 ft., but here 
again the lack of special equipment and the 
necessity of having high-pressure equip- 
ment are not conducive to rapid progress 
The newer electrical drilling method, with 
the motor at the bottom of the well and. 
not requiring high-pressure equipment, i 
still in its earliest stages of development; 
only one rig is in operation, therefore 
results to date are nonconclusive. It should 
be noted again, however, that both these 
methods are attracting attention in Soviet 
Russia because of the poor quality of th 
domestic equipment, which cannot stan 
the punishment of the present high-pres-— 
sure rotary-drilling operations. 


CONCLUSIONS 


The Russian oil industry is still working 
under the almost insurmountable handicap 
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of having to supply a rapidly expanding 
national economy from an insufficiently 
developed reserve. In a country with back- 
ward engineering technique, not only a 
huge waste is entailed of both crude oil 
and natural gas but also the flush produc- 
tion can and probably will be pyramided 
to a point from which it may drop sharply. 
Table 1t shows planned production for 
1941 and 1942 together with the author’s 
estimates for those years. It is needless to 
say that while the country could well 
absorb 350,000,000 bbl. in 1941 and the 
same amount in 1942, as stipulated in the 
various plans, such rate of production is 
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entirely out of reach under present manage- 
ment and policies. It should be noted 
particularly that the current rate of produc- 
tion is some 33.3 per cent under the plans 
made in 1938, and that in all probability 
such an undersupply is beginning seriously 
to affect civilian phases of motor-fuel 
consumption, and apparently is putting 
an additional burden upon the coal indus- 
try. These developments explain readily 
the recent trend in many parts of Russia to 
build and use vehicles driven by such ineffi- 
cient substitute fuels as alcohols, charcoal 
or wood. 


Petroleum Developments in Venezuela during 1940 : 


By D. C. PorTERFIELD* 


As a result of world economic conditions 
brought about by the European war and 
the consequent loss of European markets 
for Venezuelan crude, production in Vene- 
zuela decreased from 205,433,000 bbl. in 
1939 to 186,134,000 bbl. in 1940, or 9.4 per 
cent. This decline interrupted a steady 
annual increase in production from the 
country, which had been continuous since 
1932. The Maracaibo Lake Basin in western 
Venezuela accounted for 135,738,000 bbl. 
during 1940, or 73 per cent of the total, as 
against eastern Venezuela’s production of 
50,396,000 bbl., or 27 per cent of the total 
for the country. Corresponding figures for 
1939 were 167,688,000 bbl., or 82 per cent 
of the total from the Lake Basin, and 
37,744,000 bbl., or 18 per cent from the 
east. These comparisons indicate the in- 
creasing importance of the newer develop- 
ments in eastern Venezuela, but it is 
unlikely that production from the east will 
ever exceed that from the west. 

In all, 429 new wells were completed in 
Venezuela during 1940 as compared to 
438 in 1939. Of the 1940 completions, 411 
were in proved areas and 18 were wildcats; 
389 (95 per cent) of the exploitation wells 
drilled were producers, 1 was a gas well and 
21 were dry holes, while 6 (33 per cent) of 
the wildcats drilled were producers and 12 
(67 per cent) were dry; 263 of the exploita- 
tion wells and 4 of the wildcats were in the 
Maracaibo Lake Basin and 148 exploitation 
wells and 14 wildcats were in the east, 
mostly in the State of Anzoategui. 

Exploration of the light-oil areas in the 
Tia Juana and Lagunillas fields was con- 


* Standard Oil Company of Venezuela, Caracas, 
Venezuela. 


‘done in the Jusepin, San Joaquin and El 
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tinued during the year with favorable: 
results. Along the lake shore, drilling was | 
confined principally to fill-in wells in the: 
La Rosa, Tia Juana, Lagunillas and | 
Y : 
Bachaquero fields, although some impor- - 
tant semi-exploratory drilling was done i 
the Pueblo Viejo area between Lagunillas | 
and Bachaquero fields. 

The only other developments of particu: | 
lar interest in the west were the successf 
completion of a step-out well lying to the © 
south of the former southern limit of Mene > 
Grande field, which adds considerabl 
proved acreage to that field; and the failur 
of two wildcats that were drilled near t 
Colombian border to determine whether | 
the productive sands of the Petrolea field 
in the Barco Concession, Colombia, extend © 
into Venezuelan territory. 

In the east no new fields were dis 
covered during the year, although five 
wildcats were completed as producers. — 
Three of these, Guario No. 1, Jusepin-56 
and LM-1 (Leona), discovered important © 
extensions to previously proved areas and 
the remaining two, Caritos-1 and SPN-1 
(Socororo), were subsequently proved to 
have tapped productive sands of small 
extent and operations in these areas have 
been suspended. 

The greatest activity in the east was 
concentrated in the Oficina field, where 105 
new wells were completed during the year 
and production was increased from 22,540 
bbl. per day during January 1940 to 57,627 
bbl. per day during December 1940. 

Important development work was also 


Roble fields. 
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TABLE 1.—Oil and Gas Production in Venezuela 
cree ec i a ee ee 
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ae Total Oil Production, Bbl. 
Year 
of 
Field Dis- 
coy- 
ery é 
} To End of During 
Oil? 1940 1940 
irs Oga Pent EGMIbeR atric s iecenie tn Ok wt + ale Sulnstlawcate ih neces ade 1922 35,488 384,130,887] 19,324,559 
TET, dRLCSIE AE eae Re oc ROR Ata oa ee ee en, Gk 1928 24,026 155,247,495) 36,946,186 
Lagunillas,........... Be etait daly PC ee ao Rr oa con ct ON oa 8 1926 54,884 947,139,080} 58,464,785 
RBCRARILCNO) «ieee Mons beads .scuc' 1 cl ceelarashly vie Erk SOS ah itntc Od necator ered 1930 25,627 6,055,923 1,682,959 
Pets Mune MICOS alin tosh: Wess a5) crates Geccalated she tec ovter te aioe ats eae 140,025 1,492,573,385| 116,418,489 
GONCEDCION. fs. 5s16.% oe aye ove BAG fet eee nee one se ee et A a OTS 1,200 21,780,619 838,967 
MBPT EID Aye coh ciel ae a stat vce ARCs vin, a aero See 547 26,153,197 1,630,785 
POTEET ar. Fe ec Bass wal 857 22,006,262 287,600 
El Mene de Acosta............ 1 790,114 0 
HETIADOCONR, osc aevisiiolng os 3h Paaeae ek te nS Shee oe att tel eee 219 1,858,400 0 
Le ag gH San SPE ty CS Ce els hotels Nien PS OU sy ae, Ai ee ae nn ee AP 288 1,515,564 658,093 
JDICEJBSEEL, > «ebro cB ep A ONC ote ae ea 5,684 4511270) 3,995,154 
Ihe’ LEE, penta 6 ta ga «2 ae Sei cette cane aan len a ire A 350 5,674,526 49,239 
Tisriss TEED Garrs TRS ee See yt ar ge ae gee esc rn OO 50 348,619 42,461 
PROSTAR et i tre, Soo re Bs ice Dil Wi Mebrivue Ohi ae Ga wl? a valerao 600 20,574,079 2,612,510 
a eee ee wee ke Ae or ae ree boa ta Ra ae Reae us hae 244 2,596,392 34,203 
Mere Gre Guia silane Acisbeats ests SR cP niG= Sone winks SiR eyero ee wae eaten cemare 6,650 220,363,025] 10,812,402 
ie he ei tery Be er Coe a Me 9,775 17,956,725| 15,414,106 
ROMA FSP et Ie OE rica gh ashlee Brac ae ei edale Ml =.srd en Sine & mistaleMy, 4, wat kia 2,100 29,528 0 
BL ORIALES A e ecuns c, siar-e Mas, oS et Pate eee eS ir an ae ee 972 7,178,142) 1,795,888 
CU TO CTE on a antl eon 8 Sab ard DI OHEO Bcd Tae SO ec aren org ae 10,092 172,255,873] 21,676,451 
Te ek ES OSs Bena 332 54,877 0 
FEED CNG Nee cr ce ee, Soe ya tien gO yates watan ssn Ti 4,815 656,204 654,379 
ha, URRESRUIDSIS Gace ils Ss oo OMe NERS aS cS Oe eS Ren 8,585 1,139,285} 1,097,562 
eer ANA REMC I ere ee ete mecha cals ome Ooch ctocere (aint cy ese ve, som wins 37apore vs 6,869 111,208 75,790 
THe Buy Mo alee eat ER hee 1,400 41,747,411] 3,584,359 
«ard RSAL Sg oe an UES SUSE eee OA Re Sar een 4,594 10,000,875| 3,994,215 
Oe ese aie “2 Re Oi 5 ae aa aE 741 149,452 0 
(CEE ay bya Seta ei OES Cet ae Ciao RES CoP oe REE CI ae 1937 2,060 41,467 876 
Wildcat fields: Amana, Caritos, Guario, Leona, Los Barrosos, Lapa, Mam6n, 
Merey, Areo, Misoa, Monte Claro, Netick, Pilén, Socororo, Yopales...... 27,856 593,729 60,868 
ihe MSTA DR ib PO EE ca chore date, Sextrchats 236,980 | 2,072,660,228| 186,134,390 
> Footnotes to column heads and explanation of symbols are given on page 256. 
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TABLE 1.—(Continued) 


Total Gas Pro- : ok re Reservoir Pres- i 
duction, Millions Number of Oil and/or Gas Wells ods, End of | SUre Lb. per Character of Oil 
Cu. Ft. 1940 Sq. In. 
a 4 
During Number 5 
1940 End of 1940 of Wells 2 
By Gravity Sul 
: Avg. at & A.P.I. at = 
Me rh eats me Initial |End of | » | 60°F, | Pb 
4 3 s z 3 5 z be & * 1940 5 Weighted | Cont 
AS |p Ss | 6A | 3s 5 ~ | ig @ | Average 
a Sra tia ee ten pestee ecient a eee 2 
g S| 2 | s | 82/25 | 28| & | £5 = 
15) ep fo Pe a |< ia 
1 1,311] 49 591) 1,527 z | RP 24 1.8 
2 531 28 
3 1,425] 101 
4 77| +38 0 0 
5 x 80,rrr | 3,344) 216 7 0 310 
6 x 692 108 4 0 0 2 z x 35 y 
7| 14,734 1,123 118 1 0 0 22 14 625 z| PM 49 0.1 
8 # z 286 0 0 y y y| 500 x 33 
9 x 0 81 0 0 0 0 0 £ x 45 
10 z 0 24 0 0 0 0 0 z = ll 
11 x « 37; 10 1 y y y x z 27 
12 3,521 3,237 57 36 0 0 22 0| 2,575 = 32 0 
13 x 414 33 0 0 0 0 12 z x 23 y 
14 x 2 13 0 0 0 0 3 z 2 32 2 
15 4 1,458 25 2 0 0 15 0 rd F 31 
16 Fd 2 38 0 0 y y y 700 41 
17 iz 6,481 432) 26 0 0 44 131 2 r 21 y 
18] 20,367 18,167 144] 105 13 2 107 2} 1,884 | 1,528 31 iP | 
19 x 0 7 0 0 0 0 0 = z 13 
20 5,083 1,267 19 0 0 0 10 0} 3,200 x 21 2.9 
21| 58,518 9,447 296 0 0 0 23) 1,260 xz | RP 19 1.2 
22 x 0 4 0 0 0 0 z = 27 y 
23 1,875 1,875 2 1 0 0 0 x c 45 0.1 
24 zt 1,510 10 6 0 0 0 x % 42 0.1 
25 4,166 2,197 2 1 0 1 0 x x 53 0.1 
26 x 1,608 104 5 0 0 54 x x 28 y 
27 2,917 1,017 90 1 1 0 0} 1,665 x 22 1.0 
28 F 0 12 0 0 0 0 F 4 x 20 2.2 
29 fr x 2 0 0 0 0 2 t 4 16 1.5 
30 ae 
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Producing Formation 


(Continued) 


563 


Deepest Zone 
Tested to End 


of 1940 
Depth, Avg. Ft. 
Net 
. Thick- 
és Name Agee a hgh es Name 
ottoms ; < 
2 g = ae Py? Prod iv = Sr 
Al S @ e Wells 3 ag 
& A 5 z= aS 
4 5) rat a an 
Mio, 
1| < La Rosa series, Icotea, Eocene Soi Ss, H | Por 900-2,500} 2,500 80-350} MFU | Eoc 8,747 
oc 
Mio, 
2 | ~ La Rosa series, Icotea, Eocene See Ss, H | Por | 1,600-3,700] 2,600 {100-350} MFU | Eoc 4,383 
‘oc 
Mio, 
3 | < La Rosa series, Icotea, Eocene ed Ss, H | Por | 2,100-5,300/ 3,400 80-550} MFU | Eoc 5,402 
oc 
Mio, 
4| La Rosa series, Icotea, Eocene Otig, Ss, H | Por | 2,850-4,300} 3,900 75-450| MFU | Hoc 5,152 
oc 
5 
6 | Ramillete and Punta Gorda Eoc 8s, H |} Por 950-3,800 200) AF | Koc 5,786 
7 | Damsite and Socororo Mio 5) Por 600-1,400|} 1,700 50| AF | Mio 7,720 
8| Agua Clara Olig §8,H | Por 950} 1,185 50} A Eoc 5,576 
9 | Cerro Pelado Mio 8 Por 730| 1,400 35| M Eoc 4,994 
10 | Guanoco shale CreU H Fis 1,200 1,300 40| AF | Cre 4,247 
ll sa Clara and San Luis Mio, Olig 8, | Por 700-2,300! 2,100 200) AF Eoe 4,614 
12 | La Pica Mio 8, H | Por 4,000 4,670 AM 5,636 
13 | La Paz series Koc 8,LS | Por 400-1,400} 1,355 125} AF | Cre 2,290 
14 | Agua Clara and Gan Luis Mio, Olig 8,H | Por 2,600 2,620 a| AF Eoc 5 awa 
15 | Sandy shale, Mirador, Third Coal | Mio, Eoc 8,H | Por |3,475-4,150| 4,120 400) AF Eoc 6,260 
J€} Agua Clara lig 5, H | Per 2,200 3,565 200} AF Eoc 5,285 
17 | U. La Rosa, Pauji and Misca Mio, Eoc §,H | Por 400-4,700} 2,750 800} AF | Eoc 9,071 
18 | Oficina io _| SH | Por | 4,000 | 6,100 | 10-100] MF | Cre 6,966 
19 ee and U. Miocene Micue’ }| 88 | Por | 2700 | 3,560 MU | Mio-Olig | 5,021 
20 | Pedernales : Mio Ss | Por | 5,000 5,290 A | Mio 7,853 
21 { Llanos and U. Miocene a i Ss | Por | 2,000 | 2,980 MULC | Mio-Olig | 8,285 
22 | Third Coal Eoe 8 Por 1,350 3,020 60 A Eoc 3,105 
23 | Oficina Mio Ss, H | Por |8,100-9,800] 9,815 TF | Koc 10,028 
24 | Oficina Mio Ss, H | Por | 3,800-9,100| 6,900 AF Eoc 10,124 
25| { Oficina sede ianito, Sandy shale,) Mio.) }| SH |8-15%| 6,500 | 8,900 |200-400/ A | Koc (2) | 8,088 
Mio to 
26 | Mirador, Colon shale { CreU | 8,H | Por | 1,200 | 2,700 goo} AF |Cre | 8,793 
27 | Oficina Mio s, H | Por 3,860 3,870 40| MF | Mio-Olig | 5,492 
28 | Totumo horizon Pre-Mio Besos: Fis 2,200 2,230 z| MF _| Pre-Mio 2,402 
gn, eiour 
29 | Oficina Mio SH. | Por 4,200 4,330 MF | Mio-Olig | 5,061 
30 
| 


1§s indicates soft sandstone. 
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TABLE 2.—Summary of Drilling Operations in Venezuela 


Important Wildcats Drilled in 1940 


be! 
or 
saan ieah iin tieennnieeaiaiaaee ‘ abated Seal 


Coordinates 
Total 
State Depth, 
North East Origin 
Ls avhga'c a: ha PIS ia OP ot rece Jad ic fie ir 176,186 589,680 | Barcelona 7,815 
3 Aaestege oo ee ee Be ea aes? 196'2e2 | 280,044 | Bta Maria de Ipire rigs 
Bb AnmQabegel «occ acvs ores roe x bee Soe eeeta een. ne, ae 195,980 280,402 | Sta. Maria de Ipire 4,070 
4 | Anzoategui............... WO Sas I PEL 217,323 523,236 | Barcelona 8,297 
5 \Ansonterthe.. on tucach ae oer ee Paar ee ee er 497,026 | Barcelona 6,939- 
6] Ateoategull tess. © te ctatirstas.crehes ott teehee reteset ee ne eee 155,329 542,179 | Barcelona 6,208 
7. | GHIBTIOO Mae ae She ec: ke Cena a ae oe ere tenet ee erate 272,619 657,636 | Calabozo 3,276 
BS A UBPIOO eee et, ae \e a ieee its on ete ht te 115,119 421,557 | Barcelona 2,895 
Q'| |Guarioor a eigk sees ake aun see eure oads 121,650 | 422,129 | Barcelona 3,385 
10" Monsgas Sars A cce cciea ten bs cea ete eT 130,650 293,642 | Maturin 7,098 
TT Mlonagns 0 ete can tata ee seee fe eat te ake oe 131,402 293,240 | Maturin 5,985 
127 Monggas:cancciaan. shat ott olaeene. tne ets Mo otead obs 202,890 169,628 | Maturin 5,412 
131) Isla Cabagud.:... vi sem uct oa ak eee ade oak Comte enna 4,670 
TA Tela Cubagdaxiccucts cheney cme teleee tr Seat ee 5,155 
L6iy\-Zalia tees cao ach util aoe oie iene ae atts Oia a $28,211 E53,339 | Maracaibo 8,810 
164|\ ulin: thst Stent at corre eee Mesa ge het ee aeeee $233,828 | W100,586 | Maracaibo» 2,563 
17 Zadlin 1382s coasts wena ita aemotees evanices a tease eee oe $233,885 | W100,880 | Maracaibo 1,718 
BS Wi Zralits 2 Se Pe Oe reef nee tenis aie escheat acne Meni $100,664 £76,384 | Maracaibo 9,071 
See ee a ee ee ES eee 


Important Wildcats Drilled in 1940 


. F Pressure, Lb. 
Tnitial Production per Day Choke per Sq. In. 
: or Bean, |— 22 = =e 
Drilled by Pant Ce eee at Fractions Remarks 
Oil, U.8. Bol. | G48 Millions | of an Inch) Cssing | Tubing | « 
1| Mene Grande Oil Co. 1,330 0.838 “He 760 740 | LM-1 (Leona) 
2| Standard Oil Co. of Venezuela 116 4 1,300 1,160 | SPN-1 (Socororo) 
3 | Standard Oil Co. of Venezuela Abandoned—dry hole SSN-1 (Socororo) 
4| Socony Vacuum Oil Co. 1,023 546 1,640 | Guario-1 
5 | Socony Vacuum Oil Co. Abandoned—dry hole ‘ariaguan-1 
6| Mene Grande Oil Co. Abandoned—dry hole OS-10 (Oficina) 
7| Standard Oil Co, of Venezuela Abandoned—dry hole Gorrin-1 
8 | Mene Grande Oil Co. Abandoned—dry hole Tres Matas-1 
9 | Mene Grande Oil Co. Abandoned—dry hole Tres Matas-2 
10 | Texas 400 546 250 500 | Caritos-1 
11 | Texas ‘ Abandoned—dry hole Caritos-2 
12 | Standard Oil Co. of Venezucla 260 Mo 1,050 525 | J-56 (Jusepin) 
13 | C. A. Yacimientos Petroliferos 
en gua Abandoned—dry hole Cubagua-1 
14| C. A. Yacimientos Petroliferos 
en gua Abandoned—dry hole Cubagua-2 
15 | Venezuela Oil Co. Abandoned—dry hole Pica Pica-1 
16 | Colon Development Co. Abandoned—dry hole Redondo-1 
17 | Colon Development Co, Abandoned—mechanical difficulties Redondo-2 
18 | Caribbean Petr. Co. 1,583 | Open line 490 | 2545 | MG-407 (Mene Grande) 
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Number: of wella:deilling Deo; a8, 1040 jana... wanvan nate eaes sence cctne alk teem re 31 il 
Number of oil wells completed during 1940.00.00... 0000 c cc ccc ceccvcuceceveceee. 889 6 
Number of gas wells completed during 1940.........00. 000. cecceccceccuccuvcecee.. 1 

Number of dry holes completed during 1940........ 00.00 ..00 cc ccc cccceececeecece.. 21 12 
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EXports 


Exports of crude and products from 
Venezuela decreased from 198,307,000 bbl. 
in 1939 to 180,331,000 bbl. in 1940, or 
9.1 per cent. Crude-oil shipments declined 
16.5 per cent, from 189,711,000 bbl. in 1939 


TABLE 3.—Capacities of Various Plants 
in Venezuela 


: Daily 

Location Operated by Capaci- 

ty, Bbl. 

La Salina...... Cia. de Petroleo Lago 39,500 

Caripito.«.. Ais. Standard Oil Co. of Vene-| 31,500 

zuela 

San Lorenzo....| Caribbean Petroleum Co.| 28,000 

Cabimas....... Mene Grande Oil Co. 1,800 

KOMICII A 2 es urate Mene Grande Oil Co. 170 

Hi Mené........ British Controlled Oil- I50 
fields, Ltd. 

SEU AN, cists vic:.01.0-« Colon Development Co. mye 

101,205 


to 158,404,000 bbl. in 1940, while ship- 
ments of refined products increased 155 
per cent, from 8,596,000 bbl. to 21,928,000 
bbl., as a result of increased refinery 
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capacity constructed during the latter part 
of 1939 and the early months of 1940. 


REFINERIES 

Additions to existing refineries begun in 
1939 and completed in 1940 brought the 
total throughput capacity for the country 
up to tor,295 bbl. of crude daily. Total 
crude refined in the country during 1940 
was 26,945,000 bbl. as compared to 13,419,- 
000 in 1939. Table 3 indicates the capacities 
of the various plants in Venezuela. 
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Petroleum in Yugoslavia* 


In the special number of the magazine 
Oel und Kohle (Oct. 22, 1940) dedicated to 
the petroleum industry of southeastern 
Europe, there appeared several articles 
relating to Yugoslavia.f In the first article 
the author calls attention to the fact that 
there are two fields in Yugoslavia that have 
been explored and exploited by more than 
100 wells at variable depths during the last 
50 years. These are on the Island of Mura, 
at the confluence of the Mura and the 
Drave. Additional exploration drilling in 
various other parts of the country has been 
without result, but certain ones of these 
explorations have revealed the existence of 
gas horizons that have some value, which 
are being used for industrial purposes. 
Table 1 shows the production of oil and 
gas between the years 1900 and 1939. 


TABLE 1.—Production of Oil and Gas in 


Yugoslavia 
il Natural Natural 
Years ‘Tone Years} Gas, Cu. |Years| Gas, Cu. 
Meters Meters 
T900—-1929] 10,000] 1923 507,000] 1934] 1,388,000 
1930 277| 1924] 567,000] 1935] 1,401,000 
1931 202| 1925 691,000| 1936] 1,483,000 
1932 289| 1926] 1,472,000] 1937] 1,841,000 
1933 629] 1927] 1,732,900] 1938] 2,431,000 
1934 324] 1928] 2,515,000] 19390] 2,628,000 
1935 260] 1929] 4,700,000 
1936 137] 1930] 5,345,200 
1937 463] 1931] 6,376,153 
1938 1,091] 1932] 1,661,737 
1939 I,1I4) 1933 959,574 


The number of wells drilled from 1884 to 
the present time was in the neighborhood 


* Translation from Moniteur du Pétrole Roumain 


(Jan. 1041), ‘ 
t Dr. L. Sommermeier (Yaslo): Die erdolhoffigen 
Gebiete in Jugoslawien. 
t. K, Egon Bohm, geologue: Das erdolvorkom- 
men der Murinsel. 
Ing. chimiste Petrunic Alexandar (Zagreb): 
pike sph ot und Verarbeitung in Kroatien. 
on Herbert Schoen (Wien): Jugoslawien als 
Erdolland vom rechtlichen Standpunkt ausgesehen. 
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of 200 and the total footage drilled was 
65,000 m. up to July 1940. They may be 
divided roughly as follows: 12 wells in the 

region produce natural gas; 134 wells 
in the two old fields of the Island of Mura 
and about 20 wells for the exploration 

of the zone of the Flysch, in Bosnia. The 
depths of 50 of these wells was 100 to. 
200 m.; the depths of 50 wells on the Island — 
of Mura ran from 200 to 500 m.; of 25 wells, 
500 to 1000 m.; of 10 wells from 1000 to 
2000 meters. 

The deepest well drilling in Yugoslavia 
has reached 2000 m. In the Valley of 
Morave, in the region of Selnica, 100 km. 
south of Nish, there have been discovered 
asphalt-bearing limestones, which contain 
about 15 per cent asphalt and are associated : 
with bituminous clays. Later, at Paclenica, 
important deposits of natural gas were 
found. A zone rich in gas and oil seepages 
runs through Pracec, Miklenska, Bujavica, 
etc. The author studied these regions from 
the point of view of stratigraphy and 
tectonics. The anticlines and gas-bearing 
domes are concentrated in two zones: the 
region of the Drave (Island of Mura) and 
the region of the Save, southeast of Zagreb, 


a 


which contains the gas field in exploitation | 


in the region of Bujavica. 

A full description of the productive region 
of the Island of Mura has been given by 
Egon Bohm, a geologist, in the second arti- 
cle mentioned. This includes a history of © 
the exploration and exploitation that took 
place under Hungarian rule in this region. 
The most important exploration was 
effected between 1884 and 1885 by Stavenov 
and Stinger, of Vienna. In 1927 work was 
done in the same region by Anton Raky, 


this kind his specialty. 


a well-known explorer who makes work of 


PETROLEUM IN 


According to the author, deposits of 
petroleum and natural gas have been 
discovered in the Dacien at various depths 
and in beds of the Paludine age, as well 
as at the base of the Poretien and in beds 
of the Valenciennien. A graph covering 
two years, 1937-1930, indicates annual 
productions of 478,870 and 726 tons, 
respectively. 

The gas deposits of Croatia were studied 
by an analytical chemist, Petrunic Alexan- 
der. These deposits are grouped in two 
important regions: (1) Bujavica in the 
district of Pakrac and (2) Goilo, in the 
district of Cutina. Concessions on the two 
regions were granted in 1929 to the UI- 
janik Company of Zagreb. The first ex- 
ploratory well was started in 1918. In the 
region of Goilo the first well was started 
in 1930. The gas fields produced gas con- 
taining from 93 to 98 per cent methane with 
a calorific value of 8550 to 9520 cal. per 
cubic meter. The gas produced in the 
region of Bujavica was first utilized for 
lighting the railroad stations. For this 
purpose it was transported in a pipe line 
under pressure of 15 atmospheres and was 
served by a reservoir with an approximate 
capacity of 400 cu. m. In each of the 
stations small reservoirs were used for 
distribution of gas, which were maintained 
at a pressure of 6 atmospheres. At the 
beginning of 1928 the use of gas began 
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in industry, and the works of the coal 
company at Bujavica consumed 10,000 
cu. m, per day. In 1938 a modern factory 
for carbon black was installed at Cutina to 
utilize the gas from the deposits at Goilo. 
A project is under consideration for the 
construction of a pipe line to supply the 
town of Zagreb. 

After 1935 methane was used in auto- 
mobile motors. The gas was first com- 
pressed in iron cylinders of capacity of 
40 liters containing 10 cu. m. of gas 
under pressures of 200 atm. The production 
of gas at Bujavica during the period 1935 
to 1939 is shown in Table 2. 


TABLE 2.—Production of Gas at Bujavica 


Year Cubic Meters Year Cubic Meters 
1935 1,401,100 1938 2,432,000 
1936 1,600,000 1939 2,628,000 
1937 1,840,000 1940 3,000,000 


The last article, by Herbert Schon, of 
Vienna, examines the juridical regime 
applicable to the petroleum and gas con- 
cessions in virtue of the mining laws of 
1938. According to Article 3 of this law, 
the State is the sole proprietor of these 
deposits and they may be constituted a 
monopoly at the disposal of the State, 
which may consider concessions for their 
exploration and exploitation under condi- 
tions fixed by the law. 


Chapter V. Education 


Petroleum Engineering Education 


By Harry H. Power,* MemBer A.I.M.E. 


(Tulsa Meeting, October r940 and New York Meeting, February 1941) 


Wuite the attention of all engineering 
branches is focused today on changes and 
improvements in the several curricula, we 
are concerned here with the many questions 
arising in industry and college concerning 
the preparation for the petroleum engineer- 
ing profession. The succession of problems 
confronting the petroleum engineer de- 
mands a degree of versatility not ordinarily 
encountered in other professions. As a 
consequence, the student cannot acquire 
mastery of all the several engineering 
branches represented in field practice, 
and as an alternative, he has learned to 
appreciate the value of thorough training 
in the basic or fundamental sciences as a 
preliminary foundation for professional 
work. 

While our attention is directed primarily 
to the training of engineers in educational 
institutions, it is necessary that the ulti- 
mate education of the professional engineer 
be kept in mind. It is apparent that his 
success as an engineer is limited not only 
by his educational and job experience, but 
by his native endowments: mentality, per- 
sonality and health. The engineer’s lack of 
job experiences often proves as much 
a handicap as the lack of adequate col- 
lege training. If the final product proves 
to be satisfactory, both industry and 
technical institutions are to be congratu- 
lated. However, if the product is found 
wanting, the one most responsible should 
be apprehended. 

Manuscript received at the office of the Institute 
Oct. 7, 1940. Issued as T.P. 1312 in PETROLEUM 
TECHNOLOGY, March ro4q1. 


* Professor of Petroleum Engineering, The Uni- 
versity of Texas, Austin, Texas. 
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FITNESS FOR PROFESSION 


For the most part, students of engineer- 
ing colleges have had their interests in — 
applied science awakened at a relatively 
early age. Many of them entered college as 
a convenient means of acquiring a tech- 
nical education, but undoubtedly would 
have had better prospects in a shorter 
program offered by institutions of non- 
college grade. The activating motive of © 
practical interest is also strong in students 
suitable for college training, but in many 
cases an intellectual interest must be 
awakened in order that it may survive 
graduation. 

Numerous engineers believe that this 
progressive process of selection and deter- 
mination of career aims is one of the essen- 
tial services rendered by the engineering 
colleges. Industrialists, who are more inter- 
ested in quality than quantity of petroleum 
engineering graduates, have pointed out 
the good that should result if more empha- 
sis were given to the work of eliminating 
the misfits. They also point out the pro- 
tective measures that have been taken by 
other professions for the betterment of 
professional standards. Mention has been 
made of the beneficial results to be ob- 
tained by collective determination of the 
market for the products of engineering 
schools, particularly in that the students 
unsuited to the profession would have an 
opportunity to prepare themselves for 
employment more suited to their person- 
alities and other qualifications. In the 
event that such a system of coordinated 
personnel direction is developed by the 
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various institutions, more: capable can- 
didates would be properly guided and 
trained to fill positions of responsibility in 
operations, engineering departments, and 
research organizations. On the other hand, 
it has been noted that a danger does exist 
in limiting enrollments, since a regulated 
supply of graduates may have a tendency 
to establish a group of very independent 
individuals who lack the incentive to make 
a record of their own. A genuine desire to 
enter the petroleum engineering profession 
may, in some cases, be sufficient justifica- 
tion for accepting prospective students. 
However, it is obvious that certain criteria 
indicating the nonfitness of students exist, 
regardless of the apparent interest they 
may exhibit for the profession. Some of our 
engineering schools have gained enviable 
reputations by granting graduate degrees 
only to those who are capable of reflecting 
credit to the school, not only scientifically, 
but socially and politically as well. 


LENGTH OF COURSE 


It is obvious that the training of qualified 
students cannot be met properly by college 
programs of uniform length. Many educa- 
tors are convinced that the terminal level 
reached at graduation and marked by the 
award of the usual bachelor’s degree satis- 
fies the interests and needs of many young 
men who seek to enter the technological 
pursuits. Graduation represents a limit of 
time and money for the formal education of 
many in this group. For others, it repre- 
sents a level of scholastic attainment 
which satisfies their native abilities and 
tastes. It is also probable that many of the 
personnel requirements of industrial and 
engineering organizations are met by the 
four-year goal. Many believe that the uni- 
versal prescription of a five or six-year 
course would not lead to commensurate 
gains for a large number of engineering 
students. 

On the other hand, a consideration of 
the number of subjects required, and the 
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various duties expected of a young engi- 
neer, indicates that the teaching of the 
fundamental principles basically under- 
lying his work cannot be accomplished 
thoroughly in four years. 


FOUR-YEAR PROGRAM 


The curricula offered in petroleum 
engineering by various institutions show 
considerable emphasis placed upon funda- 
mental courses in mathematics, physics, 
chemistry, geology, and English. 

Herewith is given a tentative division of 
the four-year program in petroleum engi- 
neering, showing the relative emphasis 
placed on each division in terms of semes- 
ter hours credit. Courses in chemistry 


Tentative Four-year Program 


SEMESTER 
Hours 

21 
6 
3 
12 
18 
‘ o 3 
Mathematics mamiamascicits ar eveieiceisiete sa ets 14 
INV SHCSH Go) abal Bnomele obiocsud A dio bolexre 12 
Crvilienigineering sy. esis oecrs anes 12 
Electrical engineering... .-.....-...++-2: gi 
Mechanical engineering. =. 7-42. =-a5-<-> 8 
Petroleum engineering: 202 eee ici tis 22 
Generalselectives domi ac sock teminva tenses 6 
Otel estate reteteie sober attacks ohstatie aebelan ye 140 


include: general inorganic chemistry, quali- 
tative and quantitative analysis, organic 
chemistry, and physical chemistry. Some 
attention to colloids should be included in 
the course in physical chemistry. 

Courses in English, including some 
study of English literature, composition 
and report writing are important. A num- 
ber of letters have indicated the desirability 
of a course in public speaking. A general 
thought from employers is that English is 
the most important subject in the cur- 
riculum. 

While only 18 semester hours credit are 
shown for geological courses, it is believed 
that careful selection and design of such 
courses will result in a foundation upon 
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which the student may build if he con- 
templates graduate work. In addition to 
the usual courses in general and historical 
geology, the subjects of mineralogy, sedi- 
mentation, petroleum and structural geol- 
ogy, and subsurface correlation methods 
should be adapted to the particular needs 
of the petroleum engineer. Only slight 
emphasis is recommended for petrology, 
which should be concerned chiefly with the 
study of sedimentary rocks. The course in 
mineralogy should afford a satisfactory 
background for the subsequent study of 
subsurface correlation methods, which is 
believed to be the most important geolog- 
ical course for the petroleum engineer. 
Opinions may differ on this point, but the 
author draws this conclusion from field 
experience where the principles of geology 
were applied to production problems of all 
kinds. 

Mathematics usually includes algebra, 
trigonometry, analytical geometry, dif- 
ferential and integral calculus. Many 
appear to be in doubt concerning the 
advisability of proceeding further with 
advanced calculus in the four-year pro- 
gram. It is believed, however, that addi- 
tional courses in mathematics to include 
such subjects as mathematical theory of 
statistics, graphical methods, differential 
equations, and the more advanced studies, 
are desirable as electives for those who 
expect to continue with graduate work 
and research. 

Courses in physics include the usual 
mechanics, electricity and magnetism, 
sound, light and heat. 

In the civil engineering curricula, courses 
in strength of materials, applied mechanics, 
surveying, and hydraulics are recom- 
mended. A 3-hr. course in alternating and 
direct current machinery appears to be 
sufficient for the present from the courses 
available in electrical engineering. Courses 
in mechanical engineering include thermo- 
dynamics, metallurgy of iron and steel, 
and mechanical engineering laboratory. 
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A considerable emphasis has also been 


placed on advanced courses in fluid 
mechanics and thermodynamics. Since the 
application of these advanced courses is 


particularly unique and basic in production 
problems, adequate justification exists for | 


the inclusion of these advanced studies in 
the petroleum engineering curricula. 


CHARACTERISTIC TECHNOLOGICAL WORK ~ 


During the past few years the descrip- 
tive technologic type of petroleum engi- 
neering course has encountered criticism 
from several directions. Many of the 
petroleum engineering departments recog- 


nized this situation well in advance, and © 


began to devise courses that would be as 
characteristic to petroleum engineering as 
the technological work of other engineering 
units. Although opinion has not crystal- 
lized entirely concerning the content of such 
courses, the literature reveals that the 
petroleum engineer has developed material 
that is distinct from other fields, and char- 
acteristic of petroleum engineering alone. 
For example, the flow of fluids through 
porous media, in all its intricate ramifica- 
tions, belongs to petroleum engineering. 
Likewise, we can point to the pressure- 
volume-temperature-composition — studies, 
and particularly their application to pro- 
duction problems. The flow of fluids in 
vertical pipes, and the artificial lifting of 
these fluids involve problems in thermo- 
dynamics and fluid mechanics that have 
been developed by the production engineer. 
The pumping of oil wells has presented 
problems involving energy losses which 
have become a definite part of the produc- 
tion engineer’s daily attention. The study 
of the flow of drilling fluids has entailed 
special problems not met in the usual 
studies in fluid mechanics. This list, which 
can be extended in many other directions, 
justifies the conclusion that the application 
of basic principles to oil-field problems 
forms adequate justification for specialized 
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technological courses. Stephenson is already 
on record in his statement that ‘training 
in fundamentals must continue to receive 
greater emphasis, if we expect to meet 
successfully so many different kinds of 
problems. This means, then, that less 
stress shall be laid on the purely descriptive 
material and more on the theoretical, 
scientific base.” 


GRADUATE SCHOOL 


Provision for a longer training in graduate 
work is necessary if sufficient time is 
allowed in the undergraduate school for 
thorough training in the basic sciences, and 
for some appreciation of social philosophy, 
effective powers of expression, and the 
cultivation of reflective and critical habits 
of thought. It will, therefore, be necessary 
to carry over into the graduate school the 
advanced treatment of technical analysis 
and applications preparing for specializa- 
tion. It is believed that such a rearrange- 
ment of the collegiate program and change 
of emphasis should not only permit thor- 
oughness and breadth in the fundamental 
studies, but would encourage a greater 
degree of originality and imagination 
among engineering students. Specializa- 
tion in the graduate schools also gives the 
student more time and opportunity to 
orient himself into his chosen work. As 
John R. Suman has aptly said: “There is 


-- no method of selecting students that does 


- not give a considerable percentage of 
graduate misfits; and the extent of spe- 
cialization should be some function of the 
perfection of selecting according to apti- 
tude.” Finally, not only does a good 
groundwork in basic subjects appear essen- 
tial to the student, but it also provides him 
with the ability to turn to other branches 
of engineering, if, following graduation, he 
should so desire. 

In line with procedures that have been 
suggested for other engineering branches, 
and an accelerating opinion in the industry, 
the emphasis to be placed on specialization 
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appears to fit logically into the graduate 
program. It is obvious that these courses 
should be voluntary and individualized, 
rather than prescribed. They should apply 
fundamentally the basic principles pre- 
sented in the undergraduate work to pro- 
duction and development problems. A 
proper selection of graduate petroleum 
engineering courses, correlated with appro- 
priate subjects in other departments, may 
fit the student for the specialization that 
his aptitude more clearly indicates at this 
stage of his development. If specialization 
is not desired, the graduate studies could 
be broadened to meet the requirements of 
any rational program. 


Basic FUNDAMENTALS 


In conclusion, the student in petroleum 
engineering should, above all, have sound 
preparation in basic foundamentals. He 
must be able to analyze his problems and 
recognize, separately, the various elements 
involved. He should have a clear conception 
of those qualities requisite to engineering 
judgment; that is, skill in reaching the 
best possible conclusion under the limita- 
tions of allotted time and required accu- 
racy. He must appreciate the importance 
of cost and of practical economics. He 
must be able to organize his thoughts and 
to express them clearly through speech 
and written English. He must be willing 
and able to adjust his personality to his 
environment. Finally, he should have a 
decided interest in continued professional 
development, and a sound philosophy of 
social values. 
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DISCUSSION 


W. T. Tuo, Jr.,* Princeton, N. J.—Being 
deeply interested in engineering education, 
especially as it relates to work in the petroleum 
industry, I have just completed an analysis of 
the engineering and geological courses offered 
by about 60 schools. I am especially encouraged 
to note the close coincidence between Professor 
Power’s views on engineering curricula and 
those to which I have come. My purpose is 
partly to register agreement with all that 
Professor Power has said and partly to add 
comment on two points not mentioned in his 
paper, which have a vital bearing on the critical 
time factors involved in the laying out of 
engineering curricula. 

The first point stands out when one tries to 
plan an efficient and well-organized (college- 
level) schedule for engineering students; 
namely, the fact that so many course-hours 
now (supposedly) have to be scheduled for the 
teaching (or re-teaching) of courses in English, 
mathematics and modern languages—such as 
are normally offered in high schools and there- 
fore could have been (and should have been) 
taken once and for all, at the pre-college level. 

For students from good high schools or 
preparatory schools much, if not all, of this 


_ *Chairman, Department of Geological Engineer- 
ing, Princeton University. 
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work is redundant and an ineficient use of time. 
Consequently, I submit that it would be a far — 
better engineering proposition for us to insist 
that high school instruction be brought up to a 
standard level, instead of continuing to have 
college curricula distorted and overloaded 
merely in order to “‘cover up” on lacks in 
preparation of a part of the incoming Freshman 
students. 

The other point to which I believe we should 
give attention is the effective use of summer 
periods for “‘off-campus”’ instruction. In years 
gone by students commonly were able to cover 
their own needs for practical experience by 
getting summer jobs of a sort in line with their 
projected professional work. Nowadays, most 
students find it very difficult to get summer 
work of any sort, and it is particularly hard to 
find jobs that correlate effectively with specific 
professional objectives. Consequently, it would 
seem to be vitally necessary that somehow an 
effective program for practical summer instruc- 
tion be set up for the many (deserving) students 
who are not now able to secure summer experi- 
ence through their own initiative. 

The development of such a plan would ap- 
pear to be a natural joint function of the col- 
leges on one hand and of employing industry on 
the other—and it seems obvious that an organi- 
zation like the A.I.M.E. is particularly well 
qualified to help with this problem because of 
its specific professional interests and its general 
membership-composition. 


H. H. Power (author’s reply).—I agree with 
Dr. Thom that high school instruction should 
be brought to a higher standard and made a 
prerequisite for entrance in engineering schools. 
Such a movement has been initiated at The 
University of Texas by requiring more rigid 
preparation in high school physics and mathe- 
matics. The results of inadequate preparatory 
school training are evident throughout the 
engineering training period. Better utilization 
of the four-year college program will be realized 
when the high schools assume their obligation 
to prepare their students adequately. 


Chapter VI. Refining 
Review of Refinery Engineering for 1940 


By WALTER MILLER,* Mremper A.I.M.E. 


(New York Meeting, February 1941) 


PETROLEUM refining, like other industries 
in the United States in 1940, focused much 
attention on its duties and opportunities in 
the field of national defense. In counter- 
distinction to the situation during the 
World War, the industry is well constituted 
as to existing equipment, processes, and 
capacity, together with planned addi- 
tions, to handle any demands that may 
be made upon it by the defense program 
needs. Evident throughout was the growing 
sense of ability to manipulate oil molecules 
for the production of materials not hitherto 
considered as being available commercially 
from petroleum. The development and 
application of catalytically induced reac- 
tions on a broad front is one of the dis- 
tinguishing characteristics of refining 
progress during the year. 

In the hands of the refiner, catalysis 
has developed into a most important means 
_to secure higher antiknock motor fuels and 
100-octane fighting grade aviation gasoline 
in greatly increased quantity. One illustra- 
tion of the importance being assigned to 
catalytic refining is the construction by 
the Houdry group of an experimental 
laboratory at a cost of $700,000, to be 
staffed with over roo research men, solely 
for the purpose of studying catalytic 
reactions. 

In the aviation gasoline picture a modi- 
fication of specifications by the Gov- 
ernment widened the field from which 
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acceptable fuel can be secured, and the 
continued expansion of the alkylation 
process in itself promises to go far in filling 
the demands expected from 50,000 fight- 
ing planes. It is conservatively estimated 
that eyen now the industry can turn out 
1,300,000 gal. of 100-octane aviation gaso- 
line daily. 

The upper limits of octane numbers for 
regular grades of motor gasoline reached in 
1939 were not exceeded, but the average 
octane number approached the upper level 
more closely. A survey made of the 1940- 
model cars showed no rise in average octane 
requirement of the engines. The trend 
throughout the year was for greater reliance 
on the A.S.T.M. method for octane deter- 
mination. The “‘1939 Research Method” is 
less widely used, although still considerably 
in evidence; the older L-3 method seems 
to have lost considerable ground and to be 
on the way out. 


RE-FORMING CAPACITIES INCREASED 


Interest continued to grow apace in 
re-forming low-octane naphthas into high- 
octane gasolines. Some additions, although 
not great, were announced in thermal 
re-forming capacity. Interest in catalytic 
re-forming was greatly stimulated by the 
technical success of the operation of the 
converted hydrogenation unit at the Bay- 
way, N. J., refinery of the Standard Oil 
Company of New Jersey, mentioned in last 
year’s review, and also by the knowledge 
that recoverable proportions of toluene are 
present in the hydroformed (catalytically 
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re-formed) distillate. The dehydrogenating 
reaction involved in hydroforming produces 
an end product containing substantial 
proportions of aromatics and other cyclic 
compounds, the distillate obtained from 
normal operation containing from 5 to 
8 per cent of toluene, which can be sepa- 
rated and purified for T.N.T. manufacture. 
A 7000-bbl. hydroforming unit at the Texas 
City refinery of the Pan-American Petro- 
leum and Transport Co., went into opera- 
tion late in the year, with, however, no 
information yet available as to operating 
results. A 4000-bbl. unit is being installed 
at the Continental Oil Company’s refinery 
at Ponca City, Okla., which will be ready 
for operation early in 1941. A 16,000-bbl. 
per day plant, plus auxiliary units for the 
separation and purification of an estimated 
27,000,000 gal. of toluene per year, was 
provided for in a contract between the War 
Department and the Humble Oil and 
Refining Co., to be erected adjacent to the 
latter’s large refinery at Baytown, Texas. 
Although no public announcement has been 
made, it is rumored that two more units 
of somewhat similar size are planned for 
installation at other refineries, but without 
provision, at least for the time being, for 
toluene recovery. Early in the year the Sun 
Oil Co. announced the expenditure of 
$1,000,000 for a Houdry-process re-forming 
unit having a charging capacity of 10,000 
bbl. at its Marcus Hook refinery. 

In the older cracking field making gaso- 
line from gas oil and heavier products, 
thermal cracking accounted for less total 
volume of newly installed capacity than did 
catalytic cracking; thermal installations, 
except for one 8000-bbl. still, being con- 
fined to comparatively small units, ranging 
from 3000-bbl. charging capacity down- 
ward. The Tide Water Associated Oil 
Co. announced a project for building a 
Houdry unit with 15,000 bbl. per day 
charging capacity at its Bayonne, N. J., 
refinery. The Sun Oil Co. completed a 
20,000-bbl. Houdry unit, and two or more 
such units of the Socony-Vacuum Oil Co. 
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were completed and put in operation during 
the year, these being a part of the program 
announced by the two companies in their 
Houdry paper read at the 1938 annual 
meeting of the American Petroleum 
Institute. 


A Movine CatTALyst BED 


What may prove a most important step 
in catalytic cracking has been worked out 
on a 100-bbl.-a-day pilot plant by the same 
group that is licensing the hydroformer 
process for catalytic re-forming, the group 
including The M. W. Kellogg Co., Univer- 
sal Oil Products Co., and five or six of the 
larger oil companies. This step is that of 
using a ‘‘moving catalyst bed” type of 
operation as distinguished from the “fixed 
catalyst bed”? multiple-reactor operation 
described and used by the Houdry group. 
It involves introducing the catalyst in the 
form of a fine powder into the body of the 
vaporized gas oil being catalytically 
cracked, keeping the two in contact long 
enough to bring about the desired reaction, 
followed by mechanically separating the 
catalyst from the cracked vapors and 
putting the catalyst through a reactivator 
or regenerating unit. The entire operation 
is continuous, as distinguished from the 
intermittent operation of the fixed-catalyst- 
bed process. Lower cost of installation, 
greater economy in operation, and excellent 
yields of high-octane gasoline are claimed. 
No printed announcement has yet been 
made of the process by its sponsors, and no 
detailed data are available for publication, 
but the operation of the 1oo-bbl. unit has 
been shown and explained to a considerable 
group of interested refiners. At least one 
installation, to process 15,000 to 20,000 
bbl. of raw material a day, is under design 
and construction, and is expected to be in 
operation in time to make large-scale 
results available in the latter part of 1941. 


POLYMERIZATION 


Polymerization of gases has come to be 
accepted as an indispensable tool of the 
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refiner, at least in all plans using thermal 
cracking and thermal re-forming. Catalytic 
polymerization, limited to combining the 
unsaturated portion of the gas produced 
in such cracking and re-forming units, led 
in number of installations, most of them in 
comparatively small refineries, but at least 
two thermal polymerization plants were 
installed under conditions where the com- 
bined volume of available oil-field and 
refinery gases, as well as conditions peculiar 
to the particular refinery, justified the 
larger investment. A possible future com- 
mercial catalytic application was indicated 
in a report by Egloff and associates pertain- 
ing to the selective dehydrogenation of 
butane and propane, as a preliminary step 
to catalytic polymerization. 


DESULPHURIZATION 


Desulphurization of gasoline provided 
another commercial application of cataly- 
sis. Great general interest in this subject 
was evinced, many studies being published 
showing the advantage from the standpoint 
of antiknock improvement gained through 
removing excess sulphur and even fairly 
small amounts of sulphur from gasoline 
already within the percentages allowed by 
standard specifications. At least one com- 
mercial installation was made for reducing 
the sulphur content of gasoline by bringing 
it while in a hot vapor state in contact with 
a catalyst, and it is to be expected that 
catalytic desulphurization will be given 
much more study and commercial applica- 
tion. It promises to improve the quality of 
gasoline and, by virtue of raising the 
octane number and increasing the lead 
sensitivity, reduces the amount of tetra- 

ethyl lead required to reach a given octane 
value. 


BotrLeD GaAs 


The mushroomlike expansion of the. 
demand for “bottled gas,” from 39,000,000 
gal. in 1932 to 223,000,000 gal. in 1939, has 
been responsible for the installation, in 
many refineries not previously so equipped, 


MILLER 575 
of fractionating equipment to segregate and 
make available the propanes and butanes 
as liquefied petroleum gas. Although of 
relatively minor quantitative importance 
compared with the volume of gasoline 
produced, this practice offers a higher-rank 
outlet for material otherwise largely used 
as a constituent of fuel gas. 


LUBRICATING OIL 


Little new construction work was re- 
ported in the field of lubricating-oil manu- 
facture. One new installation was made 
with a total capacity of 50,000 bbl. per 
month of finished oils, a single solvent 
process for light oils and a two-solvent unit 
for the high-viscosity products comprising 
the equipment. Being a replacement of and 
supplanting older methods of refining, no 
net increase in production is involved. 
Demand for paraffin wax, still unusually 
good early in the year, was greatly reduced 
as the export market was largely shut off. 
Two new solvent-dewaxing installations 
were made, one a replacement, the other at 
Pasadena, Texas, representing new capac- 
ity. Two commercial installations were 
made of a new wax-refining method called 
the Emulsion De-oiling Process, one in the 
Pennsylvania field and the other in the 
Mid-Continent. In this process the oily 
wax in liquid state is emulsified with water, 
chilled to crystallize the wax, and centri- 
fuged in basket-type centrifugals to remove 
oil and water. By repeating the melting, 
emulsification, crystallization, and cen- 
trifuging one or more times, the wax is 
brought to specifications without difficulty. 
The advantages compared with the ortho- 
dox methods are said to be the reduction in 
volume and cost of equipment, the speed 
with which the process can be carried out, 
and the close control possible. 


“VITAMINS” FOR OILS 


Although the construction engineer was 
inactive on lubricating-oil and wax-plant 
installations, the research chemists and 
technologists were more active than ever 
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in studying and developing new “ vitamins” 
(addition agents) for the oils. The search for 
compounds which, added to the lubricating 
oils in small proportions, would inhibit 
oxidation or corrosion, prevent engine 
lacquering, reduce breakdown of the oils, 
and ensure cleaner motor conditions was 
prosecuted more intensively and on a wider 
scale than ever before. A number of pre- 
viously used substances were replaced by 
newer, more effective agents. Sulphurized 
natural and synthetic esters, sulphurized 
aliphatic olefins, organic phosphites and 
phosphates, chlorinated compositions, and 
primarily the metallic soaps and other 
substances with detergent qualities, all 
came within the purview of the avid search- 
ers for new agents and new uses and 
improved applications of known substances. 

That the refining industry extended 
much further into the chemical field, as a 
supplier of base material and in the manu- 
facture of organic chemicals, is shown by 
the fact that more than a fourth of new 
construction reported for and in connection 
with the oil industry was for such purposes. 
Among the products so provided for are 
tetraethyl lead, nitroparaffins, solvents, 
artificial rubber, and toluene, already 
mentioned. 


SYNTHETIC RUBBER 


Because of the immediate and wide- 


spread effect that cutting off natural rubber ° 


supplies would have, production of syn- 
thetic rubber has received much publicity 
and great study. Researchers for years have 
been investigating rubber constitution and 
synthesis, with the result that a consider- 
able variety of artificial rubbers have been 
developed, all of them using as base mate- 
rials unsaturated hydrocarbons which 
either are now produced from petroleum 
or are possible of being so produced. 
Several types of synthetic rubbers, with 
properties superior to natural rubber in 
particular respects but relatively expensive 
to produce, have been manufactured com- 
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mercially for several years. Under the 
impetus of national defense, however, a 
much more extensive program of expansion — 
got under way. Standard Oil Development 
Co., a subsidiary of Standard Oil Company 
of New Jersey, is taking an important part 
in the work. A plant for the production 
of 10,000 Ib. a day of artificial rubber from 
butadiene and acrylonitrile is under con- 
struction by the Standard Oil Company of 
Louisiana, another subsidiary of the Stand- 
ard of New Jersey. A new company to 
bring together the research and facilities 
of the B. F. Goodrich Co. and Phillips 
Petroleum Co. is planning an initial produc- 
tion of 2000 tons a year from butadiene and 
other chemicals not disclosed. Also, du 
Pont is said to have increased its produc- 
tion of Neoprene to 15 tons a day. The 
Rubber Reserve Corporation, subsidiary 
of Reconstruction Finance Corporation, 
has been formed to negotiate increases in 
supplies with potential manufacturers, and 
discussions envisioning facilities for making 
up to 150,000 tons a year are said to be in 
progress, involving at least half a dozen 
possible sources. 


TOLUENE AND GLYCERIN 


Of equal importance to defense is the — | 


manufacture of toluene. Although the 
annual toluene production from coal-dis- 
tillation plants considerably exceeds the 
peak reached in 1918, a great demand has 
been built up since then for solvent and 
other uses. The increased supplies entailed 
by the defense program, therefore, must if 
possible be found elsewhere. The petroleum 
industry provides this new source. Two 
immediate toluene sources are open to 
petroleum refiners, both being utilized in 
operating or projected plants. The first is 
in a few naturally occurring petroleum 
deposits, which contain toluene in amounts 
recoverable by distillation. The Shell Oil 
Co. produced the first barrel of toluene 
from its new commercial distillation plant 
on Dec. 7, 1940. This plant is designed for 
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an output of 2,000,000 gal. a year. Possible 
supplies from such sources are necessarily 
limited and will not go far in meeting the 
50,000,000 to 60,000,000 gal. per year 
estimated as defense-program needs. Syn- 
thetic manufacture by special catalytic 
re-forming, as previously noted, will be 
relied on for the bulk of the new production. 
The three hydroforming units previously 
listed as being under construction should, 
according to present knowledge, be capable 
of providing about 35,000,000 gal. per year. 

In addition to toluene, the industry has 
available for rapid commercial use processes 
for manufacturing glycerin, from which 
nitroglycerin, dynamite, and cordite may 
be made, and glycols, also base materials 
for explosives. Manufacture waits only for 
- the demand to exceed the supply available 
from natural sources. 


PETROLEUM DERIVATIVES 


As potentially important as are artificial 
rubber and toluene, use of petroleum 
derivatives in less warlike chemical manu- 
facture is also of great importance. The 
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Carbide and Chemical Corporation is 
constructing a large plant at Texas City, 
Texas, similar to the one that has been 
operating at Whiting, Ind., for several 
years, to manufacture organic chemicals 
from the refinery gases produced by the 
Pan-American Petroleum Co.; Ethyl Gaso- 
line Corporation is utilizing liquid and 
gaseous petroleum products in its plant at 
Baton Rouge, La., in manufacture of ethyl 
fluid; and in 1940 the Commercial Solvents 
Corporation for the first time produced 
commercially nitroparaffins, the result of 
nitrating the lighter hydrocarbons. 

The importance to the nation of petro- 
leum as a source of chemicals, and the 
importance to the oil-refining industry of 
chemicals as products is well typified by 
the American Institute of Chemical Engi- 
neers giving one-third of its attention in 
its annual meeting in December to ad- 
vances in the oil industry. 

Summing it up, 1940 was truly a great 
progress year for petroleum refining, par- 
ticularly from the dual standpoints of 
catalytic development and _ chemical 
manufacture. 
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